UNCLASSIFIED

| i oS R l“’ Rpatind

ARMED SERVICES TECHNICAL INFORMATION AGENCY
ARLINGTON HALL STATION
ARLINGTON 12, VIRGINIA

&00306&0092//

TMWW ’?Wr#" R TR AT

UNCLASSIFIED

m‘lw‘!":‘ﬂ,’""!!')

T

Y RO TIN R ITT  yder,
R RO

‘2‘,"""“" haece:, (]




JOTICE: ‘hen goverument or other drewings, speci-
fications or other 4ata are used for any purpose
other than in connection with @ definitaly related
goveroment procuremwnt opereticn, the U. 8.
Goveroment tharedy incurs no respoasidility, ucr eay
ocbligation whatsoever; and the fact that the Guvemn-
st may have formulated, Turniehed, or in sy wy

: supplied the sald &xwwinge, specifiostiocns, or other
dnta 1s not to de regarded by implioation or other-
viss as in any mamner licensing the halder or (y
other person or corporation, or conveying any righte
or pernissiocn to manufacture, use or sell any
patenteld invention that may in any way be related
themo. : PR

NS e S o vl




ml’mszo

CATALOGED BY

o
L

DEPARTMENT OF THE ARMY
CORPS OF ENGINEERS

Teokaical Reper: 1689-TR

e~

[ o

e~

m _ PROTECTIVE CONSTRUCYION
e

e~

\.

! BY PROVED COMPONENTS
' Projoct §512-95-08)

31 August 1961

- nrl
by s A -

e s e S b

TISIA A FORT BELVOIR, VIRGINIA




o U. 8. m ENGINEER RESEARCH AL DIVILOPWENT LABORATORLES ,
'CORPS OF ENGINSZRS . .- N .

Technical Report 1689.7TR
PROTECTIVE CONITRUCTION 3Y PROVED CGPONENTS by
Project 8612-95-001

. 21 August 1961

' ) . Distributed by

The Direstor | :
< ¢ T. Avmy Engiseer Research and Deveiopment Laduratories . o K
Corps J.f Engineers

Frepared by

Ralph B, Siever:. Jr, tapiain, U. B. Arey
Special Frojects Bremuk
Military Department
U. 8. Amy Engineer Rcsearch and Development Lsharatories
Corps of Engineers
. Fort Belvair, Virginla




'
i
¥
!

If there is no reQuiresent fur this report,
return it to:

Comxanding Gensrel
U. e mmrmmmmt Ladoratoriss
Yort Belvolr, Virgin'.




il

. PREFACE

The principa) work performed by the U. 8. Army Engincer Ru-
search and Development laboratories directly in behalf of this study
was in conjunction with cousultent work fcr The Engineer 8chool in
preparation of Technicel Manual 5.311, Engineez Troop Protective
Construction. It is anti~ipated that publicstior o?¥ the technical
menual will include much of the material in this xecport and will
present data for determination of rediological protsction, as well
as designs for utilization of existing structures, tunnels, and
fortifications. Some of the work included in this technical recurt,
notably the timber structures and components and the massive en-
trance sections, are not to be included in the technicel manual. 1In
«Gdition, some of the development and thiory presente? in this re-
port in the selection of the structwres and structurel cmyonanto is
not to be in the techuical manual. )

Persunnel assisting in the pupntinn of the work for the
technical manual and, conseguently, in the developument of the aystem
as presented in this tecbauical report were Captain Ciifford T,
Flanagan of The Engineer 8chool and 8P/4 Arthur R. Stucy of Special
Projects Branch, '"SAERDL., The principal weapons test duta used in
*he thyvieticel Or empirical davelopment of the system vere lderived
from work of the Naval Civil Enginecring Laboratory, Port Hueneme,
California; the Office of Civil and Defensa Mobilisation, Battle

Creek, Michigan; the Air Force Specia) Weapons Center, Sandia Base,
Nev Mexico; the Waterways Experiment Station, Vickaburg, Mississippi;

and the USARRDL. Dats furnished by the 8ignal and Chemical Corps, as
well as the Corps of Exgineears, were also used in the selection of

utility componhents.
’ Although much of the work presente? hers is o appear in ™ 5-311,

this report is published to present extensions of designs and uses o?
materials of construction vhich weie not included in Le technical

mpanual.
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SIMMARY

fl

Thio—ropord-prescnts 3 syetemdo" protective construction Ly

use of proved componentsz. The-report aeovers the developueut of con-
cepts of design, actual designs and tables for materia). selections,
and schemes for use of proved utilities together witp requize:pnt-
for such utilities based or structure utilization- > The aystém of
design ie based on results of past nuclear weapons “ests, high ex-
plosive tests, and nondestructive test programs.

The system of design 1s presented in such & manner that a £:c)
engineer may start with the requirements pilac upon him for a pro-
tective structure; examine tadbles of utilities based on structure
w.ilization; examine tasic ctructures, as well as structural ocom-
ponents, and adapt to thzses the material snd labor forces available
for construction. The system is designed to free the field engineer
from the restrictions ich wou.d be imposed by presenting only
prototype structures and yet to provide him with structural designe
vhich ave proved resistant to auclear blast effects. A vide variety
of uaterials and shapes of structure is presented. The slupiest of
these can be constructed with unskilled labor undsr competent direc.
tion, although more advanced shapes and complicated "form work" are
required for some of uus other structurss. v

The more important results of this stuldy of & system of protec-
tive construction are the presentation of structural shapes which
may be readily assemdled and easily transported and yet fulfill, to
the highest Aagree, ths dlast protection required; and the assen-
bling of the variety of blagt rosistant components from the multi-
tuls Of waa.pona tas‘* data and roporr.a.

e . R A

M mulu—&at- (a) Resulta of nuclzar weapons ef-
fecte tests are of sufficient scope and quality that a system of
field protective construction by the use of proved sirictuiel and
utility components is feasidle; (b) the system of design by proved
ccmponents presented here allovas a field enginser nice trained in
nuclesr weapcnus effects to apply the results of nuciear teats to
satisfy the requiremenve pleded upon him for protective structures;
and (c) protective structures may be Gesigned ss an sssembly of in-
dependent components reacting to blast or shock losdings in auch a
manner that the reaction of one does not veaken the resistance of

snother. ,
\
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PROTECIIVE CONSIRUCTZON BY PROVED COMPONENTS

I+ INTRODWCTION
1. Objectives. The objectives of this study wers:

a. To provide the field enginear with & system of con-
struction or prototype structures which would have ,roved blast
resistence rs determined from nuclear veapons effects tasting.

. b. To consolidats and evaluate the test results of pest
test programs or the incidental results of such testing. Nurther.
more, the purpose was tc present sucn data in & readily usadle form
& that the proved results could be applied by the field military
engineer. ‘ ‘

: ¢. To extrapolate past nuclear test results to allow
field protective construstion in vhich a varisty of available mate.
rials or prefabricated shapes md a range of structure types is waed.

2. Background, Test programs incidental to weapons develop-
ment and veapons effects tests were conducted until 1958. During
tols period, & griat nusber of Pprotoyle structures and some "pure"
structural snapss were tested. BSome of these test programs wers on
elaborsate prototype structures in vhich some positive and some nege-
tive results were obtained on various facets or components. In the
past, these tist results have been used to evaluate such prototype
structures. The nuclear weapons test moratorius initiated in Fovem-
ber 1958 precluded the teating of new prototype structures vhich
were developed as & result of tha past tasts.

The field military engineer 1s likely to b precented with
structure requirements of a wide variety. He may he.e on band only
a miniual cholce of building meterials % satisfy these needs. In
addition, the further limitations of labvor force, construction mate-
ilals, or equipment may prevent the utilization of certain of these
bullding materials. Io present the field engineer with a few de-
tailed prototype structures but with no other provisions for adapt-
ing or modifying such structures is likely to creste the condition
vhere no structure will be built. It should be assumed that the
field military engineer can adspt and modify structursl design to
suit his needs vhen he is provided the criteris under which zuch ie-
signs vere based; the critical features of bLlast protectinn c.
blast effects against vhich such designs wore areated to protect;
and the limitations of the structural designe presented. When these
assumvtions are made and vhen the wealth of availah'e data incidental
€0 or Jirectly derived from the nuclear blast effects tests are con-
sidered, 1t would seem reasonable that a eystem of blast resistar*
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designs could be provided the field engineer s> that structures for
which no prototype %ests have Leen made could te built in the fleld.

Current Army technical manuals present the field engineer
with protolype structures for blast resistance or other requirements.
Occasionally, specific moditications to these structures arc sub-
mitted with the designs. Almost without exception, no alternatives
are presented by which the engineer can readily adapt the:  dssigns
to suit specific requirements or limitations of construction materi-
al, labor, or equipment., QOreat planning and logistic advantages
exist in using such a design program, in that, material and troop
construction may be sccurately predicted. Further, materials uti-
1liz:ng such designe are standardized (for example, 2 by U lumber or
corrugatsd ronofing) and, thereby. may be resdily used for other jobs
should the need arise. The qualities of prototype structures which
have been developed have been such that their components are unique
or that the methods of construction required (for example, arched
reinforced concrete), necessitate skilled labor for their erection.
Therefore, it would be of apparent value should material providing
8 high degree of nuclear blast protsction be readily adaptadble to
many Jobs. Such material would likely be available in the thester
army for these varied purposes.

3. Theory. Opecific structural theory for the develcpment of
the designs pressnted in this report is given elsevhere. The funda.
mental concept upon which the system of design by components is
based is that tests have been run on such a variety of structural
shapes and materials that structural components may be selected so
that each component will exhibit adequate resistance to nuclear -
blast effects. It is further ansumed thet these componants may be
assembled into a structure 80 that each component will fulfill the
requirement for resistance placed upon it without weakening *he re-
mainder of the structure, The basis for assembling hée stru~tural
components is to select their design and placement so that each com~
ponent and the structure itcelf act independently of any other com-
poreni. Thus, the entrance configuration is not structurally at-
tached to the basic estructurc or its end wall and, within itself,
may be of independently acting parts. 8imilarly,the other components
such as the floor, the basic structure, the end wall, the entrance
doorway, and the entrance frame are constructed in such a way that
they act independently to secure their full resistance to blast ef-
fects without transferring loads or weakening the resistance of the
other components,

Wherever possible, the specific designs have been cross-
checked by separate theoretical and empirical aprroachee; for ex-
ample, the theoretical strength of a member hes been checked against
the brockated avsolute streongth exhibited under nuclear test condi-
tions., Utatic, dynamic, nuclear, high explosive, and nondestructive
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test results have ell been employed to define the responsc and the

strength of the components employed ir the structural design system. '

II. CRITERIA FOR LESIGN

L. Types of Dynamic Loading. Structural deslgn for nuclear
blast requires considecration of rapid, traneient, and laterai loade
different from those used for conventional design. Overpressuves
which never appear in civil design must be considered. Where con-
ventional construction may dictate only 4 pst (for example, for s
warehouse floor), structures to provide for the effects of nuclear
blast can be designed for 10, 100, or 1,000 pri. In sddition, iit-
tle correlation exists between nuclear blast resistant dasign and
that for the effects of conventional weapons such as serisl bombs
or artillery projectiles. Btructures for conventional warfare are
principelly concarnad with peneiration of & projectile or its frag-
ments and with the shattering effects of the high explosive, In
contrast, nuclear weapons have no shattering effect, fragmentation
or penetration. v -

Bigh explosive (HE) detonst.ons may develop uxtremely high
ovrpressures, but the pressures are iocalized and of short duration
vhen compared witi, the other effects of fragmesntation and shattering.
However, overpressure is the principal effect of a nuclear detona-
tion upon a structure. The overpressure will suddenly rise to a
peak and then will decay in such a mmnner that the entire structure
will be loaded for s finite time. The structure must be able to
withstand this overpressure. The distance of the structure from the
detonation, the depth of burial, and the aize of the weapon yleld
may ceuse the overpreasure to decay rapidly or slowly in relaticn to
the response time of the structure. The overpressure may be magni-
Tied Uy reflection from the earth's surfuce. As the blest wave
travels across the ground at a high veiloctity large r:ilected pres-
sures may be developed when it interacts with a surface in its path,
The magnitude of amplification is dependent on the peak side-on over-
pressure and the angle of incidence of the direction of %travel to the
surface. T[igure 1 shows these relationships. = - ©

When the blazt wave is rvflected, channelized, or strikes
an interior corner it may be magnified many times. In uddition, the
actual mass of the air in the blast front and in the following com-
pressed air has a velocity which causes a dreg when the Hlas* wave
envelops aid passes around abovegrsuni structural elementt,

The development of large negative overpressure, an addi-
tional feature of nuclear blast which is ncgligible in HE detona-
tions, is seldom considered in civil practice. The negative prer-
rures may be cn the order of , psi below atmospheric; consequently,
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the structure experiences an outward load because of the static ’
pressure of the ai~ it contains. These negative pressures have bteen
the principal cause of destruction of tactical emplacements. Such
negative pressures may provide an additicnal damaging effect on
aboveground or near-surface structures and, therefore, musi he cone
sldered in protective structure design. The drag effects and the
large increase in overpressure developed by reflecticn from an
abovegro'md structure hinder the use of such construction for tlast
protection. 8imilarly, other effects vhich would prohibit sbove=-
ground construction are the low initial end fallout radietion pro-
tection provided by such structurea.

A semiburied structure employing & raised earth smbankment
may have large reflected prassurss devaloped on the sides of the
berza vhich are transmitted to the structure. A semiburied structure
is defined here as one completely covered btut with the esrth cover-
ing reised above the surface. Placement of a structure in the fully
buried condition in which the earth over the structure is flush w'th
the surrounding surface eliminates the need for consideretion of re-
flected and 4drag pressures. The requirement for consideration of
negative pressures depends upon the depth of burial and type of
structure. It is assumed that a negative pressure on the order of
L psi or less is the maximum that would bde sncountered under most
conditions. To develop a damaging force within the structure
& net negative pressure of at least 4 psi wuld probadly be required.
An overburden of L feet or more earth cover wuld be sufficient to
eliminate the possibility of such an upward force. Entrance oonfig-
urations, vhich must come to the surface, are not likely to bring a
net upvard force to bear orn the structure of the passagevey. The
entrance clcsure and its foundation, however, must be decigned for
the possible effects of negative overpressure in the passing blast
wave. !

Nuclear tests have indicated that u conside.wble reduction
in overpressure occurs in the first two to threes feet helow ground
surface. This reduction may be on the order of one-third the nesk
8ideon overpressure. PFurther reduction with a depth below this first
increment is extremeLy small, however, and may be assuned to be neg-
ligible through the regisn in which bdburied structures with wmirimum
earth cover are located. High overpressures may be developed hoth
on the roof and sides of a buried structure. The magnitude of the
pressures on the side are related to the compsction and the earth
£111. The reeponse of this earth fill Lecomes extremely impoztent;
if it consolidates to any degree under thc btlest pressure, addii. . aud
loads upon the structure may be created by arching from the structure
to the adjacent soil. With arch structures themselves, a large con-
solidation of the soil adjacent to the structure may creatc high
tangential friction forcer on the structure. These effects are il-
liatrated in Figs. 2 and 3. In some nuclear tests, this force har
heen sufficient to briung about the failure of the structure.
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Pig. 3. Development of tangential friction forces on an arch
structure by soil consolidstion. Cousolidation of the soil
adjacent to the structure causes & relative movoment bhetuaen b
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compressive stresses caused by friction.
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Nuvlear vlast sifects other than tha air ovez'preeaure are

the rapid transmiesion of shock throug. eerth and, in particular,

through denser mediums such as rock and saturated scil. These pres-
sures may be air induced or dirsctly tranmmiited from surface or
below-surface detonations. The tranumission of shock throvgh rock
and satursted soll requires that protective structures he isolated
from these denser madiums by placement above the water table and by
isolation from bedrock. The ground shocke are charactericed by high
vniaxial pressures. 3Similarly, varying sccelerativ.s are developed
in different directions selative to the path of the shock. Typical
free-field grouna shock spsctra are shown in Pig. 4,

5. Structurel Resp%nu to Static and %y.c Loads. Conven-
. tional structur sign 1is primerily concerned with the problem of

transferring known or predizic? gruvity loads to the =arth from sows
position in epace, by a system of structural members, without exceed-
ing allovable stresses. Blast resistani Jdesign must provide strength
to resist forces normal to structural surfaces, gravity loads, fric-
tional loads caused by settlement of earth £ill, and even upvard
loads acting upon the foundations or floors of the structwe. The

FEAK SI0E-ON OVERPRESSURE

AMBENT 2
TIME = NEGATIVE

Pig. 5. 1d=alized air blast overpressure curve.
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blast loads from a nuclear explosion are charanterized by a sudden
rise in pressure, a graduai decay, &nd a& negative pressure of possie
bly longer duration. An idealized air tlast overpressure curve isg
illustrated in Fig. 5.

The rapidlity with which the loads are applied and the type
of response of the structure are such that structures must be de-
signed to withstand both the externally applied loads and ‘he momane
tum developed in the structural elements themselves. As 2 c¢orollary,
the spring of a scale must be able not only to support the weight of
the scale and its contents, but must overcoms the d&ynamic loading
which results when the mass is applied and the system seeks equili-
brium. Similarly, the strength necesesary for a roof to resist the
overpressure as applied by the blast and the weight of the roof it~
self must e considered. Also, the loads created by the mass of the
roof system having been acceleratad under the fcrce of the overpres-
sure consequently require deceleration. Deceleration requires a
strength of possibly the same maznitude as that needed to resist the
overpressure itself. The duration of the positive pressure of the
blast wave, therefore, becomes & critical factor i1 determining the
maximum lvad vhich a structure must withstand. This duration is
compared to the time of the elastic response of the structure and
the magnitude of the elasti~ response of the structural membera in

relation to their elastic yleld point. Structusal elements required

for underground structures are of such a stiffness that the time of
elastic response of these elements (that is, their natural period of
vibration) is short. Thus, the positive pressure phase of & nuclear
detonation of any size weapon, 1 KT and larger, is of such a length
that it can be congidered of infinite duration without significant
error. Figures 6 and 7 illustrate these effects. The figures ars
dimensionless in that the displacements shown in each figure are re-
lated to a single line which represents the displacament under a
spevified load. The rise time o the peak overprszeuve for such
structures, hovever, is so short that a magnification occurs in the
response of the structure. The response is greater than it would
have been had the same overpressure been ¢ndually applied over a
1ong perind of time. ‘

The structural response to the application of the over-
pressure becomes important criteria, not only in the determination
of the structural strength requirements, but in the selection of ihe
material for construction. For example, a concrete struccture in an
arch shape may be juch that its critical resmonve (that at which
failure is most likely to occur) takes placc when the sirusture ic
rebounding after it has first sbsorbed in the compressive phase a
large amount of elastic energy. Thus, a design intended to take
meximun advantage of the best quality u. concrete may be fawity as
a result of the resronse in a tensile reaction vhich develops
stresses tiat would never occur under conventional loading.
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Pig. 6. Pundamental response of Wd lorg- sud short-
period systems to a step loading.

An important factor ol Qesign for dynamic loads is that
certain materials of construction exhibit markedly diffesent proper-
ties under high rates of loading. Materials such as tinmber and
steel have strengths in the elastic range under high rates of load-
ing which are higher by o facter of 25 percent to S0 percent than
those available vhen the loads are applied gradually. For eoxample,
the yleld point of structural steel, approximately 32,000 <si under
static load, may be up to 45,000 psi under rapid lseding. Even
greater dynamic increases in strength characteristics are obtained
from timber under rapid loading. These cheracteristica allow the
designer of a wtructure to use che dynamic ztrength available in
steel or timber to withstand the high pressures which occur in &
sharply peaked overpressure pulse.
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Pig. 7. PFundamental response of undamped long- and short-period
systems t0 & dlast pulse.

. Another considerstion in dscigning for dyrsmic losds which
sets apart such design from that used for oconventional structures is
that of the elasto-plastic action of the structural material. Plas-
tic ylelding of the structure slsments may be permitted to ocour
under design iosds of short duration, an effect vhich would never b
permitted by civil practice. Buch design allove for the dynamic re-
-sponse charucter.stics of the load by making use of the capability
of the structural material to absorb some of the effect 5 loads or
short duration. Buch action enables high peak overpressures of
~ ahort duration to be designed for resistance by energy absorption
 concepts. By these methods, the energy developed in the suiructural
system b the application of the high overpreceure is sbsorbed by
plastic deformation of the structural) elements; 4these deformations

o ey e 2




13

requirc energy avsorption of such extent and tuke such a length of
time that thc system is brought to rest before the uwltimate streugth
is utilized. The employment cf this concept aloco peimite the use of
lover design moment values for the beam-type structural elemants.
The development of plastic hinges in continuous beams or rigid
frames mey be assumed to occur aud, consequently, a balarced distri-
bution of movement Letween ends and center uof a beam may alzo be
aosuned. These effecte and concepts are illustrated ia Figs. 8
through 10.

TYPE OF BENAVIOR
CLASC

STRAN

Fig. 8. Idealized stress-strain relationship of intermediate
&ade steel.

The dymamic response characterigtics of & structural ale-
ment play & large part in the design of that eloment for response to
a specific blast overpressure and decay ccniitionz. The pexricd of .
vibration of the structural element acting within ita elsstic range
iz ao important criterion in determining the theoretical response of
<hat eloment. In addition, the elustic limit of the st urtural eie-
i3snt and the plastic strain which nay ogsur bcyond this limit pricr
to failure are important.

As the side-ou overpressure a.cti.ng on the surface hms in
itself no momentum, energy is absorbed into the structural system by
means of the overpressure acting over a finite distance. The amount
of energy absorbed by the system is determined by the distance over
wvtick the nverpressure acts vhen it is at varying oressurss. Fo:
example, the longer the response time of the structural alsaeni, tae
shorter will be the distance ovsr vhich a given decaying overpres-
sure will act during the time of that decay. Thus, the energy ab-
sorbed will be smaller and the ~spacity to absorb th!s ensrgy will
be less. This action wae illustrated previously in Fig. 7.
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STRAIN STRE3S
DISTRIBUTION ACRGSS A HOMUGENEOUS, SYMMETINCAL BEAM IN PURE BENDING
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Fig. 9. Distribution of stress and strain across a beam in
pure bending.
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Pig. 10. Effect of plastic hinges upon the moment disty f:u-
tion along & beam. The ar diagrez illustrates moment dis-
tridbution along & simply supported beam. The center figure
shows the moment distributinm along & fully elast’s be=m with
rigid end supports. In the lower figure, plastic hinges
formed at ths ends of the beam permit ar increase in load up
+0 the formation of a plastic hinge at midnpan.
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G. Consideration of Ultimate Strength v2eigns. Ia conven-
tional construction, general design procedures utilize allowable
stresses within the structural elements based on a percentege of the
yield stress of the material. Ultimate strength design in convenr-
tional construction utilizes the ultimate strength of the material
and to this relates a factcr of safety for computation of the allcow-
able stresses. The actual factor of safety againet failure may be
higher or lower for this type of design procedure. Failur. may be
considered as yileld or as collapse of a structure. In conventional
construction, design is intended to avoid the possibility pf the oc-
currence of yield. With the high precssures applied and stiength re-
quirements for protection against the effects of nuclear blast, the
avoidance of yleld places too large a requirement upon the strength
of structural elements. Consequently, the design based on ultimate
strength may provide for a more balanced structure in which the
various components are at the same percentage of their ultiuate
copacity under design loading. However, with the design of struce
ture for protection against the effects of nuclear blast, ultimate
strength design takes on a different aspect.

The forces of these blasts are of such a magnitude and
create such stresses that the structures cannot economically be de-
slaned s0 that all respones will be within the eisstic range under
design loadings. The structures are designed to permit some plastic
deformatior of the structural elements under maximum design loads.
The principal application of ultimate strength design both in civil
and protective construction is with steel as the responding material.
Steel has a strain at failure which may be on the order of 20 or
times the strain of initial yield and the ultimate load may be on
the order of 2 times that at which yield occurred (Fig. 8). Within
the elastic range of behavior the stresses in structural membera are
essentially proportional to strain. At the ultimate conditiun
stresses and strains are not proportional, do not vary propo:iion-
ally, and the distribution of compressive stresses in an element
subjected to bending ie nonlinear. Figure 9 illustrates this varia-

tioi: 1u :stresses across s bending member in these various conditions.

T. Use of Empirical Restlts. Nuclear weapons effectes tests
have included tests on berm configurations, structures, and struc-
ture and utility components. These tests have proved the ability of
specific structures to provide blast protection and have indicated
the manner and the pressure levels at which these structures undergo
permanent deformation or collapse. 8pecific suructures of steel,
concrete, and timber in rectangular, circuvlar, semicircular or other
shapes have been teated. Many forms of end walls, entrences, clo-
sures, and entrance confijurations have been employed. The ~mpiri-
cal results of these tests have heen used as the principal design
criterie 7or the structural and utility elements seiected for the
design system. These empiricel test results have been reduced to
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components whereby a structure which may have failed may have pro-
vided positive blae: protection as far 48 the design of the entrance
or closure wae conczrned, Theory which has been developed from the
nuclear test results or from dynam’c or ultimate strength tests »r3
been used to extrapolace the derived designs for which no iest re-
sults upon a similar element were available. The principal closure
designs aie an example of this; both the massive drawbridge door
and Jhe desigued personnel hatch are sdaptions with minor modifica-
tions of similar closures which have received nuclesr or high explo-
sive blast testing.

Earth berms cause semiburied siructures to respond as
though they were fully buried. Other berms which have been tested
have failed to provide such an effect and tae structures have exhib.
ited failure as a result of the reflected overpressure developed on
the side face of the berm. The designs for berms which are of a
wide variety have received little comprehensive testing. Hence, it
is recommended that the uas of any berms be discoursged and that
fully buried placement be used. Consequently, no designe for berms
are presented in this report, Likewise, no designs are prescated
for cn eboveground uncovered structure baecause the magnliiudes of the
reflected and drag pressures developed on the sides of such a struc-
ture prohivit such placement. It is reccgnized that the require-
ments of entrance or subsoil conditions ey necessitate semiburied
construction. Technical Manual TMS5-311 presents berm designs based
on positive nuclear test results vhich vill provide the means by
vhich the buried structure designs may be used for semiburied struc-
ture placement.

I1I. STRUCTURES COMPONENT3 DESIGN

€. ' General. This section presents families of atructures and
structural components which are designed to provide protection
against the blast effects of nuclear dstonations at design cverpres-
sure levels. The bases for selection and thc design criteila of the
structural components and basic atructures are deocribed. A bresk-
down of protective structure design iato structures and components
enables each component tc act independently and thus be designed
using independent criteria. The structures are to be fully buried.
The clsssification of the structures and components followa:

s. Basic structures.
b. End walls.

¢. Entrance configvritions.

d. Blast resistant closures and framesg,
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e. Do'r frame-supporting foundetions. »
f. Floors.

The analyses and design of structures and components heve
been made by considering the results of past uuclear and high explo-
sive tests with reference to each of the classifications Jjust nen-
tioned. With thie pr-cedure, a test which may have caused "~asic
structure collarse may .till have provided positive results sllowing
determination of a suitable design for entrance configuration or for
& dlast resistant door frame or frame-supporting foundation. 8imi-
larly, positive and negative results vere employed to bracket the
optimum design or the overpressure at vhich euch a structure is
likely to undergo failure. Analyzing te.“ re:.’is by components of
the structure permits alteration of the te-’~4 idesign in such a
fashion that the same structurs may withetan! gr2ater overprsssures

*  than those which caused failure during the test. This method of
" . analysis was applied with the criceria set forth in the preceding
section to effect the designs presented here. ;

9. Basic Structures. Basic structures are presented to pro- .
vide blast resistance when the structure is in the fully buried con-
dition for any direction of travel of blast waves with respect 4o
its orientation. The length of the basic structure is immaterial
because a cross section perpendicular to the longitudinal axis can
be taken at any location along Yhelength of the structure and still
provide full protection against bdlast forces. To accomplish this -
sdaquately, the structure must have the capacity to withstarnd the ,
full forces ot the blast across its axis. If longitudinal struc-
tural members are employed, they must bear on a transverse struce
tural section and should be in independently acting segments or
modules. In sAdition, the end wall must be such that regilgiile or
no forces are transmitted to the structure in the iosgitudine: 4i-
rection. Thus, any need for a different design to provide stronger
ends for the basic structiure than for the center section will be
eliminetsd., The amount of force that can be transmitted to the
structure longitudinally by the end wall varies with the siructure
type. Tor exsmple, a reinforced concrete arch section can withstamd
a much higher longitudinal force imposed by the end wall than can a
section of corruvgated steel of similar dimension. All of the dasic
structures presented here are independent of any of the choices made
from among the other structural components.

h e e AR I S T T

bl s e 0 g Pt A

a. Circular Corrugated Steel. Corrugated gteci arch and
circular shapes have undesgone numerous successful testo under .
nuclear blast overpressure, both as underground hcrizontal passage .
cr shelter structures and as vertical tubes providing entrance from !
the surfac: to & stiructure or to a horizontal entrance section. As . )
the corrugationa :un in a circumferential direction, a reguircment j
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in tne employment of corrugated steel s the avoidance of longitudi-
nal thrust or bending strecses. The curved corrugated steel section
is the most efficient material of constriction for withstanding uni-
form loads applied radially or tangentislly to an arc section.

Curved corrugated steel sections are procduced in
nestable sections with flanged longituiinsil scmnections in diameters
up to 7 feet and with bolted lap Joints in dlamets "~ up to 30 feet.
Ther= characteristics make the material idesl for field assembly and
present a minimum logistic requirsment. The flexibility cf the cox-
rugated steel in both the longitudinal and circumferential direc-
tions allows the steel to retain its stremgth end resistance to Jve-
pressure even with variance in geometry or sligmment caused by
settlement or assembly tolerances. In s3dftion, when the material
is overloaded and partial failure results, in the form of buckling
and 4istortion of the section, a usable ares for passage or occupaucy
is left, allowing continued partial use of the struciure or entrance.

The design of the buriad corrugated steel arch and
circular structures is based upon the mode of failure of such arch
structures vhen they are subjected to uniform blast averpressure on
the ground surface. The bases of the design are the nuclear tests
in which ths strur .ures responded and failed in the compressive mode,
The compressive mode 1s that in vhich the sntire structure is placed
in compression tangential to the circunference. During nuclear
teats, structures failed in this compressive mode of response; the
steel plate yielded under bearing of bolts at longitudinal seams.
Structures which had been pleczed and testsd so that & large nonuni-
forz load was placed upon them (aboveground structures for which the
berm was insufficient to secure undergrow? response charscteristics)
failed by buckling of the steel section. Fellure in the compressive
mode far such structures presents s much suys resiil; calculated

ultimate strength for the structure. This peimite uw' wimats strength '

calculation to be made on the basis of ths strength of the bolted
longitudinal Joints for the various thicinesses of material and
spacings of the bolts. When a buried structure is subjected to a
uniform load as a rcault of overpressure spplied at the surface, the
component of stress tangential to the section and that which creates
the failure of the longitudinal sesns vary directly with the radius
of the structure. In contrast, the resistanze of a structure to
nonuniform loads creating buckling and requiring the section t¢ re-
sist in flexure varies with the sguare of the span. In <ther waris.
as the span increeses the same section has resistance to lexuvs.
vhich decreases inversely with the square root of the span. Nuclear
test results have shown that a structure of 30-foot dimmeter subject-
ed to fully buried conditions failed in the compressive mode. This
result, and the described variations in resistance of the structure
t) flexure and failure in the compressive mode provide the basis for
assuming failure in this mode of properly placed corrugated steel
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‘arch stbructures’ with radii of 15 feet' and lese. Thosé steel struce- "
tures which were tested and which failed in the compressive mode
vere exposed to side-on overpressurer ranging from 60 to 200 psi.

, Static load tests of the bolted jJoints of corrugnted
steel plate of different thicknesses (the steel employed hau & yleld
stress of 27,000 psi to 28,000 psi) and spacing of the bolts were
used to define the ultimate strengths of the various gage ,.ates.
Baged solely on these data, a graph was prepared vhich related a
uniform overpressure to the radius of the structure, from which a
thickness with a standard bolt spacing required for blest resistance
could be selected. Figure 11 was developed on this basis, using the
yield strengths of the bolted joints. The results of all known
nuclear tects on corrugated steel arch or circular sectisns were
plotted upon this graph as a check of its validity. Thus, the chart
was checked by comparing overpressures which this materisl hed with-
stood or under vhich the material had failed to the overpressure
designated for a apecific radius and thickness of corrugated steel.
Test results have not been of such quality that precise failure over-
pressures can he identified; these pressures have been bracketad
for certein radii and gages of steel, however, and have indicated
that cverpressure (approximately twice that indicated on the graph
derived as Just stated) weuld be required to cause complete collapse
of the structure. The chart was checked against corrugated steel
structures of l4-foot to 15-foot radii and at overpressure levels up
%0 200 psi. As can be ncted on the graph of longitudinal seam
strength (Pig. 12), an increase in strength may be obtained by using
six or eight bolts per foot of longitudinal seam. The four-bolt-per-
foot spacing is American standaird, but the six- or eight-bolt-per-
foor patterns require special order in most sizes. The avallability
of test data, the desirability of using the standard pattern, end
the limited sirength incresse with additional bolts were fac.ors
vhich deiermined that the design graph should be besed on thu four-
bolt-per-foot pattern. As the flanged corrugated steesl section pro-
vides a higher strength ccantact detween adjacent plates than does
the lspped and bolted plate, the graph provides a slightly higher
Tactor of safety for these sections. Test data upon which to refire
the graph further for this typs of section are not available; how-
ever, the graph should he suitable for the design of these sections.
Although the graph was developed using the computed ultimate strength
of the sections, the nuclear test results justify its use and indi.
cate an spproximate safety factor of two for overpressure on the
surface. It is believed that the principal factors vhich allow tiim
insrease in strength over the compu*ed ultimate strength for the
buried structure are the attenuaticr of side-on overpressure, with
depth, the relatively long response tirz for a buried structurs in
vhich the earth surrounding the structure acts with the responding
structu:al section, and the higher dynamic yleld etresses of steel
under dynamic loading.
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Tig. 12. Corrugated steel longitudinal sesm strengths. (Based
-on & figure by and published with permission of Armes Drainage
& Metal Nmt.’ mco) ) ¢

In the design graph, entrance sections within 3 feet
of the earth's surface should be seleacted usirg tvo times the desigr
overpressure for entry into the graph. Thuis provision 1s mede t-
allov for the reduction in overpressurs within the fivst few feel
from the surface and the absence of a large earth msss responding in
conjunction with the structure, as indicatsd by fice-field under- *
ground pressure testing and by nondestructive vibration tests.
Thered;’, as an examplse, ic & design for 50-psi sids-on overpressure,
& section using 100 psi design overpressure would be selected.
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A variation of the sectiooal circular sorrugated
steel plate (2-incl depth with 6é-inch pi.tch) for employment as
horizontal passage configurations or as emsll size emergency per-
sonuel shelters is the cattle pass section. PFigure 13 illustrat:s
the cross section of the cattle pass and Teble I presents standard
sizes of this section. Buch sections have received some tests
under nuclear blast overpressures, Witk the results of this test-
ing a8 the basis, it is recommended that the circular design chart
(rig. 11) be employed for steel thickness selection for the cattle
pess. Half the span of the cattle pass ssction should bo emploved
s the readius for entry into the graph. 8uch structures should
only be employed in horizontal orientations and with the flat bace
dowvnvard. These structurns of 7-foot 8-inch rise l0O-gage gtecl
hsvo withatood nuclear dlast surface side-on overpressures up to

154 psi without significant damege and, vhen .muble, make an ex-
cellent section for horizontal pessagevays.

Circular and arch corrugated steel sections provide
the best basic structure. BEase of design, construction, and trans-
portation make stesl zections the ideal material for field usage.

E !7,.1_.

SPAN

Pig. 13. Corrugnted steel cattle pass cross section. Table I
contains standard dimensions for this section.
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Table 1. Typical Dimensions of the Cattle Pass Séctibn(a)

Span Rise N Requirea(®) Inside Radil (in.)
(1t-in.) (ft-in.) Total Top Sides Ry Rg

5-8 5-9 2k 5 5 e7-1/2 43
5-8 6-1 25 . 6 5 28-1/ 63
5-9 6 -6 26 7 5 29-1/2 75
5-9 7-0 271 6 6 26-3/4  81-1/2
5.9 7-4 28 7 6 28-1/2  95-1/h
5 - 10 7-10 29 6 7 25-1/2 100-1/2
5 - 10 8.2 30 7 7 27-3/4 116-1/2

(a) Refer to Fig. 13 for the cross section with dimensio
descriptions. ‘

(b) N is the net length of plate longitudinal to the corrugatioas
expressed as the number of standard 9.6-inch spaces between
bolt cziiter lines. Thus, the perimeter dimenaion 1s total N
times 9.6 inches. (The figure 9.6 inches is derived from use
of one bolt for each 3 inches of diameter for a circular
section.)

b. Corrugated Steel Arch. The design of the steel arch
structure employs the steel gage and assembly described in paragraph
a, "Circular Corrugated Steel." Variation in design procedure oc-
curs in the requirement for a footing for a bearing of tha edge of
the structure. Response of the structures is such that no benefits
are brought about by use of a tied arch or by obtainirg end fixity.
Consequently, the footing is designed to fulfill the requirements of
the static earth load and to minimize differential settlement under
blast loadings. Permanent settlement under such loadings acluxlly
lengthens the response time of the structure and theredby increase:
its dynamic capacity; the steel plate continues to respond as an
. integral flexible arch and the ylelding of the footing absorbs en-

ergy. Footing designs for structuree of varying spans are presented
in Figs. 1b through 16. ,

The designs of the footings 1llustrated are based
upon the resulte »f tests on footings of reinforced concrete for
sorrugated arch structures. 8uch footings have been tasted at a
wvide range of overpressures and structure spains. Significant fall-
ure of the footing has not taken plauce although permanent settlement
has occurred. The Jjunctica between tw. fobting and a concr.te floow
poured integral with the footing frequently has failed. The footing
designs rrovide adequate bearing areas for minimum settlement of the
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Pig. 1. Timdber footing for corrugated steel arch strustures.

fig. 15.

Rolled steel footing for corrugated stoeel arch gstructures.
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CORRUGATED STEEL

bm. 16. Concrete footing for eofmptad steel arch structures.

structure under static losd conditions. All of the designs are in-
tended to provide continuous footing below the edge of the structure.
The proved resistance of the reinforced concrete footings was used
to establish wvidth ¢f footing and a minimm secticn moyduluz “or subdbe
stituticnh of timber or steel sections as footing. Tus steel section
has greater flexursl strength than is required to provide sufficient

bearing area.

. O0f tha thres Assigns presented, the timber ia most
suitable for field usage. Timber im a readily vorked material and
requires no curing or other time delays inherent in concrete con-
struction. BSubstitution of steel section for that presented should
be made on the basis of maintaining a steel thickness, not subject
to adverse wveathsring effects; and providing adequate bearing snd
depth (1-foot deyth is considered to be a riiirum).

¢, Circular Reinforced Concrete. )Yuclear dlast over-

pressures acting on the ground surface generally crsate normal

forces on the surfaces of buried structures and causa circuiar or
arched s‘ructural shapes to be most efficient in withstanding thene
forces., As previously illustrated, a circular lightweight corrugated
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steel section may withatand extremely ‘ilgh overpressure vecause of
the type of resultant stresses which are compressive, tangential to
the circumference, and, usually, without bending. The relatively
high strength of reinforced concrete in pure compression would iudi-
cate that it should be an excellent material for circuler arch blast
resistant constructio. . One drawback i{s the difficulty of fleld
forming, bending, and placement of reinforcing steel. Thus, & pre-
fabricated circular scction, such as reinforced cc -~rete pipe, may
form an effective and readily placed blast resistant module for use
in entrance configurations or small structures. Such pips is usual-~
ly locally manufactured and is commonly used in sewer or culvert
construction. Industry-wide standards of construction, geometry,
strength, and reinforcing increase the feesibility of using the pipe
sections for blast resistant construction. Nuclear test results on
such pipe with blast overpressures up to 136 psi have proved the
feasibility of the material and Jjustify its considecation in thic
report.

A theoretical analysis of the behavior of & circular
reinfcrced concrete section to the shock overpressures is illus-
trated in Fig. 17 and desgscribed as follows:

(1, On *he arrival of the shock front, a nonuniform
loading is applied to the circular section. This loading cone
sists of the shock pressures acting on the upper portions of
the section and the earth reastion acting upward on the lower
parts. OStructural response tc this loading is an initial ellip-
tical deformation; the actusl dei.rmation is counteracted by
bending resistance of the concrete section and by confining
earth pressurea. If the sectlon has insufficient bending re-
sistance, cracking is likely to occur at the quartsr points, as
dllustrated,

(2) After the initial peak shock has passed, the
structure is envelopesd by & uniform radial pressure which de-
cays as the overpressure. The response of the structure is
the deveicpumeat of a uniform compressive louad, tangentisl to
the circumference, with s resultant tendency of the structure
to retain its circular shape.

(3) Negative pressures may occur in the structure
during the negative phase ¢f the blast overpressurs. Tensi'e
resistance may be required or the reasstion to the s:dden «7plie- ‘
cation and release of the load may cause an elastic rebound in ;
the concrete necessitating tensile atrength. 8Such an action i
could cause a uniform shattering of ike material or more lirely,
an enlargement of crecks which may have formed during the ini- i
tial loading phase. :
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Fig. 1{. Idealized interaction of earth shock and a circular
concree utructure.
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Nuclear and nondestructive tests confimm, by the re-
sponse of the giructure, the deformation, and the cracking, that the
structures do respond in both flexural and compressive modes and,
consequently, require flexural stesl reinforcing. The mechauical
properties of the gestion stwiicd in these tests are get forth as a
basic structure for a 50-psi side-on overpressurs regicn. This sec-
tion withet 04 126-psi side-on overpressure, during which ¢#-inch
crecks were formed at the quarter pointe. At 55-ysi eide-on over-
pressure, the cracks were slight and no deformation occurred. A
cracked section causes a reduction in the resistance of the stnuic-
tural section to subsequent nuclear blast loadings. Later response
would have a tendency to ve in the flexural mode. This fact is Pur-
tially confirmed by nendestructive testing. On this basis and the
desirab:lity of a factor of safety, a reduction of strength of the
tested section for the 50-psi region of dasign was not congidered
2ut1fig¢; by the empirical tests of the presented culvert section

Pig. 18).

The section shown in Fig. 18 is of lees strength than
that specified by American Bociety of Testing Materials (AST™ Desig-
uation: C76-5TT) design requiremeants for Ciass I reinforced con-

: crete pipe. The other AS'M specifications for reinfcrced concrete
pipe, Classes IT through V, provide still greater strengths. Rein-
forced concrete pipe is graded by strength from & loading test. The
results of this test are expressed in pounds per linear foot per
foot of diameter as the "D.loed to produce & 0.0l-inch crack" and
the "D-load to produce the ultimate load." The testing procedure
for acquiring these "D-loads” is shown in Fig. 19. The identical
tested structures which withstood loadings adequately from one nu-
clear blast up to 126-psi side-on overpressure, had D-load to pro-
duce & 0.0l-inch crack of 750 (pounds per iinear foot per foot diam-
, eter) and D-load to produce the ultimate load of 1.100 pourkis. The
i respective D-loads for Class I pipe ar= 806 snd 1,20C pounds; for
’ Class II, 1,000 and 1,500 pounds; for Ciass III, 1,350 and 2,000
pounds; for Clasa IV, 2,000 and 3,000 pounds; and fur Class V,
3,000 and 3,750 pounds.

Yhen reinforced concrete pipe is available snd the
method of manufacture is not known, the D«lcads should be determined
by test on a sample section. As the computation of the D-losd pro-

: vides for the effect of varying strengths for different diameter gec-
. tions, those pipe sections vhich meer 750- and 1,100-pound D.lo.Adings
for a 0.0l-inch crack and ultimate load, respectivsly, may be ~ronsid.
ered adequate for 50-psi side-on overpressure. Thie fazv 18 true in
horizontal structure cr in vertical entrance employment for all Aiam-
eters of & gection. Provision for stmnger sections close to the
surface is not considered r.ocessary because of the provable reduced
magnitude of flexural action when the shock is traveling parallel to
the longitudiral axis of a vertical entiance section.
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n.) 19. De-loed test for circular concrets sectior

4. Tisber. Limited tests have been made in whi
tisber structures bDave been subjected to nuclear blast losd
the point of complete collapse. Failure of structural root
has been in both tensile and compressive modes in bending a
zontal shear. The bending failure predominates only on the
of the spans tested, that is, 9 feet. Tie absence of compl
data and informstivn by which a fully proved rapiricel desi
may be formulatcd ie insufficlent cause to r«jcct the advan
timber structures for protective constructicn.

Timber s consetruction material which is rea
vorked ana assembled with field tools and without heavy lif
equipment, It is generally available, is familiar to field
struction, and provides many side advanteges :or military v
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Fig. 19. D-load test for circular cousreia secticns.

4. Timber. Limited tests have been made in which buried
timber structures have besn subjecied to nuclear blast loading up to
the point of complete collapse. Fallure of structural roof members .
has been in doth tensile and compressive modes in dending and hori-
sontal shear. The bending failwre predominates only on the longeat
of the spans tested, that is, 9 feet. The absence of complets test
data and informstion by vhich a fully proved empirical desigm sysienm
my be formuwated is insufficient causc t4s reject the sldvauteges of
timber structures for protective construction.

Tinber is construction materia)l which is readily
wvorked and assembled with field vools and without heavy lifting
equirment., I¢ is generally availsble, is familiar to field con-

struction, and provides many side advantages for military utilization.
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Timber has & high dynamic strength and a flexibility, both in the
individual members anl in assembly. It has a nigh-energy absorption
past initial yield or cracking, which can allow a structure to re-
main usable after conditions of failure. This high dynamic strength
and long "plastic" ylelding range of a structure assembly after par-
tial failure is especially advantageous for the short-term initial
high peak loads imposed by blast pressures. Thus, although a design
should avoid yield (for example, cracking in horizontal shear) under
the design overpressure, the resulting structure would proside pro-
tection for much higher overpressures on a onestine tasis. Afier
yielding and deformation has occurred, howvever, the resistance to
subsequent blagt overpressures woulld be greatly reduced.

Because of the variety of timber employed for struc-
tural pursoses, a design based on one set of allowabla stresses
might be overconservative or unsafe if another type of timber is em-
ployed in construction. Strength properties of common structural
woods are presented as Table IT, Military working stresses for
Douglas fir and southern pine are as shown here. (Cf. Field Manual
5-34, Section VII.)

Bending: 2,400 psi

Shear parallel to thy grain: 150 psi
Bearing perpendicular to the grain: 500 psi
Modulus of elasticity: 1,600,000 pei

e

The procedure used for design ic to select representa- .
tive values of allowvable stresses, correct these values for impact,
and develop an appropriate design procedure which may be altered to
suit the strength characteristics of a different variety of timber.

This design of timber installations is bzsed upon
fully buried structure placement, 50-psi side-on overpresswe at
surface, and average values for allowzble extreme fiber etress and
in horizontal shear. Computations arc based on these aversges: An
allowable f’‘lLer stress of 2,000 psi in bending; and a horizontal
shear stress of 130 psi. The strergth of timber varies tc¢ such an
extent, depending on type of wood, grede, and condition; that the
results obtained in the presenied structures should be verified as
to applicability for field use. Permissible spens or timber thick-
nesses may be varied by recomputation of span or depth criteria for
lumber of varied strengths. 8imply supported, uniformly loaded beam
conditions are uned, Design is based on & l-/nch.wide section of
depth, h; clear span, L; and ¢ uniform dynamic iced of w (psi).
The allowable stresses are raised by 100 percant to allow for the .
incressed resistance of timber to impact loading, resulting in a ,
design £, extreme fiber stress in ben2ing, of 4,000 psi, e-3 R,
horizontal shear atress (shear parallel to the grain), of 260 psi. .
The validiity of this assumption with retentior of a factor of safety .

e P

P i 1 £ 0




,::?b§ut”

Uni
condit

)

rtant WVoods Grown in the
in the green and air

i‘?:elur specﬁ

Strength Properties o

(results of tests on small,

H
g
é

Statie
f1der

Btress at

MWoisture Opetne(e)
Onn(;;nt Oravity

of
Klas-

Fropor-

ticoal
Limit

Somsercial Seme
of Species

TI0
1,35
1,920
1,290
2,010
1,160
2,020
1,210

760
1,170
1,10
1,010

1,

. L5710

ticity tiomal

{1,000 Limit

poi)

{pat)

Cedar, northern \ hite

Tisy, Port Oxfo.d

Ash, commercisl, white

Cedar, incense

Ash, black

Alder, red



3)‘ ’ - “ - ' v ’ .

§83828 883248 38828 3B3223% R38RYE 8IR3%7 HARA3E .
a3 Ta a4 TA3535 53 aP3%3 3333535 TS5 )

BR3333 R

760
20
470
200
370
500
S00
Who
850
750
1,50
510
010
210
380
30
610
510
310
SO0
950
50
820
600
150
W60
860
590
970
boC
00
o
800
390
€80

RE2g39 £RE32Y f93R8% RIFA2L BOIRAY 183BER 333383
NSNS ™~ ANNINL2 MONINME MONINN MEMOMO MAARNNMAN NN

§22849 gRa488 22§80E RBSRLE 37989 458884 G883
MONNLINN UNMNAMAM M AINE NSANMNUM MAONNNL N N2 Ll AL R [

LNEEAR A2URRN LARMAR SO3RNR AANKRE RYIMAT FIITIL ;

12,100
,800
500
,000

16,800

9,000
500
13,700
7,900
700
100

........................

NSNS0 MONNNY MO LP-MN™O 20O N~ND

888883 838388 803855 883887 §88338 8A

Cottonwood, northeia black

Sedar, southern vhite
Cedar, western red

< arTy, dlack
Chestout

Cottcowood, esstern
JYpresz, soutbern
Elm, American

Kla, rock

Kim, slippery

Fir, balsam

Pir, cowmercisl white
O, bi&:k

Gum, red

Gum, tupclo
Backberry

Hemlock, sastern
Semlock, westery.




Wickory, true
larch, wstern

:
j

, 933263 283883

------

ﬁNAN H R R R R ]

935822 2§R%2%

NN (o] -t

‘885833 833288

-----------

------------

3 dd4504 oge
£22238 358288
-y Mefrded rletrtided

------------

locust, honey
Magnolia, cucumber

Magnolia, svergresn

MNaple, digleaf

Locust, black
Mazle, black

L

------

------

......

------

Maple, red
Maple, 3ilver
Meple, suger

Ok, red

Cak, vhite

Pine, lodgepols

Pine, northern white
Pine, ¥ :vwmy

Pize, ponderces

Pices, southers gullow:

.......

RERRBR

N~

~~~~~~

.....

nnnnnn

------

Longlesf
Sorilesd

Lodlolly

Bl e m sl et e e

e
e A

St TS T



*WOTIEOTIARd STYL JO JNTY SWY 1€ SIQUITWAR 3333 PG AIAA ITqA §,73 UL peywasadt o Jowdey
gy “Ideve polfewrp ® WO URL ST 1593 MERTITM S 1NN ITUSAX K MITA ‘ARusce xphiv (rasissariord Jo #3893 39WiRT sucSispen
Lyenctasad esq TR campoads ® J03 ST UMATS anTma k] -PUTPRS(STH ATISTINIS 31 FInTIW) MITEEc0 Furwmed dop Jo Wit ap 103
;e @ fIVTNACTLAT ARVUTQ I I0F VOTIRISPITIO JO Seodard a3 IO  CHTAVITTAY 3. - UTEL STUY UC WWp 3893 108dinp ITQEITM

ou Ny ‘ITETT Tewo: rodoad sy 4v SSAnE B Swrl XaGRR SIquzaprsuco ST PUTPUSQ TT SIS JIGT FNWNIIIN I “POOR TWTIUIPT A,
310 soTdmes 2aq0 iIA 3uedxad O7 AQ Lrsa Lem ssuTwa ¢y ‘Ted Q0T O3 PMISTT WAROMITY °FPOGA SNOTIWA 373 JO S6sIN03 P RPuaIys
JAIISTAL FQ JO HIPWMTISI YHNOI TF DIEN 8Q PINONT ST POIST] L “JUTABGRq (MUTT-1FRNILS) STISUTS WOI) SAIRD SIW JO wmiaedap
ag. pue aamd dorp 3o AGITA-UOTIOITINP PRIIOTE I3 03 IOTAIASAE £q PUTEIMSD ST ITHIT TWEOIIIodord sy I8 SPAINS a1l L
*SuTpuaq UY $53138 I8qr) Q3 Mndwoo 03 PeER $1 pUe doxp O IGFI ey IsTrelie pMyaotd §] oudey ocode canoads s O UOTIDILID MG
T +darp 3o sBiay IaGSTU ATAATSISOING 39 IR WY WITA wewtoeds SuTpueq ¥ JO :3533 peawedal JO 83518000 358 Bupyesq Joviey g ()

gau’u&«ng8".&.31’%"5!0—!;9*"0‘«"}33‘! )

~aam3syon Jweazsd ZT 3O WOT3T 0w Lip-Iie tlureas we 03 PMIERiPe (v Imawl PeUOVees
3O $182) WOIJ WIUD IV SUTT PUOSIC Sy ST FHONY  (TVIINIEE WELP JO 9338} WO PEITEICO VISP IS SUTT ISITS Gy UT sSInTwa gy ()

*3883 JO TN SN
o Sutpuadep ‘IJoqs axam s1eqio (SWOT SewOuT OF 313a suswroeds BuTPEe 0TI WP SEEPNT 2 £Q TIGIET 2 AIBa SRMOMs 3sap (¢)

00v ‘9T 099°1

0s2't ogs°L ogL'S .3 00501 650

0zt 009 ook*y 025°€ i 006'TT  O2X'T  00Y'S %0 w wRg ‘anurem
092°t 066 o9t‘L VRLY €2 005‘Zt oWt ooc‘g €50 )
098 oy ogy‘e ok6‘S ® o0g‘L ot oo’y &0 S Aowtwmmy,
oln‘1 098 [ - 344 ou't 92 oos ‘ot o't [ 3] &40 2t
0001 05y 06°2 ooy’ 92 ooR'e 090°1 oct ‘€ 90 8 WOERAS
o1 o't 029°S ols‘t ok 009’ owt‘t ooz‘e 1%°0
%01 o 009‘2 066"1 £ 02 g ) 002*€ ivo ﬁv L1s80eng
051 otl or9‘s 0BL Y [ 00y’ 1Y 1134 ¢ wi'y N0 NJ
09 ot ol9‘2 o' 2 oox‘g [ T ¢ ook ‘t 150 2 mrg ‘eonxdg
oro't o9 0g5°y 0gs’t 144 000°6 o9t't €00‘9 tt-o &t )
oes 062 096t 099t T 00g*$ [ 1] .V 4F] *€-0 00t wmwralay ‘sonadg
oLt 065 065°S 091y = 00%‘TT o't 0059 o0 NJ
cu 062 009°2 ozt‘e hcd 000°‘L o't ook‘t ®-o 9% wmses ‘sonidg
onb 99 ost’9 095"y 6t 002°0Y [ 0 ¢ 006°9 oo a
00g 025 002y . onL‘E ) (] 006‘g ogr't 008°% - 3] EAg S (TThita) poonpey
oot't 085 062°S 05$‘C o2 005°EY 005°1 ooty [ N.

. onl OEE o’ [t 1384 [-13 009°Q 0501 00%’E 0 5 aorral ‘xepde

(4] 029°S ogay 11 006°TY o't ooz‘9 %0 a,

(3 062 0592 - L3¢ 4 61 009°L alt‘t 00y‘E o€ 0 L4 TP wnsm ‘suyd
o0t 065 all'y (1,198, 18 aol‘ot oo2‘t ooL‘s %0 = )
0 o5¢ sz ofe‘e 54 oon‘L o oon‘€ %o £ aebos ‘euyd




may be checked by reference to the impact stresses in Table II.  The
following expressions are used to detemine span and depth relations:

in which

in wvhich

Roof ssctions are designed for full side-on overpressure (50 psi); '

-
H= =%

V = total vertical shaar at distance h from support

b = breadth of beam equal to 1 inch

M = maximum bending moment, taken equal to 1/8 w12

and vertical walis are designed for one-half side-on overpressure

(25 psi).

This va'.Je presupposes less than ideal dackfill condi-

tions. Nuclear tests have indicated vertical wall pressures may
range from 25 percent roof pressure under excellent (highly com-
pacted) backfill conditions to 100 percent roof pressure with a
wvater-saturated backfill. The overpressure values hava been em-
ployed as v in the following relations:

Horizontal shear: .

n_ﬂ_%_rﬁ%ﬂ.‘.}.

v = 50 psi h-alz'—gminimn

w = 25 pai n-i-xs'—.-gnnmm

Flexure:

2
£ = booo » M Q15

»h h*

[ r——




w = 50 psi h-%‘-.?minim

W= 25 psi h= ri‘—g minimum

The results just given provide design criteria that the span must
not exceed 8-3/L inches per inch of depth for 50-pai loads or 12-1/2
inches per inch of depth for vertical wall sections. Variutions in
these design criteria may be made by substituting for H and £ other
working etresses for the actusl timber employed.

The design criteria developed here were used for
structures (Pigs. 20 and 21); for selection of timber for the end
wvall (Fig. 18); and for entrance shafts (Figs. 22 and 23).

Uss of lusber in semip rmanent underground construc- i
tion requires moisture, insect, and decay protection. Lumber vhich
bhas been treated with a petroleun-based preservative by a pressure
process may be employed in direct contact with the beckfill. The
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Fig. 20. Basic timber structure; wvwiAth of passage,
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Fig. 22. Timrsr shaft, 3% feet by 3% feet.

odor nf some of these preservatives may be objectionable, perticu-
larly in a sleeping or long-duraticn shelter or in a structure with- .
out forced veniilation, vhen they are used for the tasic structiura,
end wall, or sheathing. A cut cross section of the lumber should be
exanined for preservative penetration, vith the possible requirement .
that all cut surfaces de given additional protection. The non-
petroleum-based preservatives in common use are water soluble; con- .
sequently, these must be provided additional moisture protection .
(for example, by special painting in the field) to insure retention
of the insect protection. The most extensively used water asoluble
wood preservative, zinc chloride, is relatively inexpensive, is
odorless, holds paint, and presents no fire hazard. Sodium fluoride,
to zinc chloride, is similarly acceptable, but is not in extensive
use. Princirel water soluble preservatives such aa arsenic, mer-
curic chloride, and copper sulphate, in use in Ewwogpe &nd, t~ some
extent, in the United States,are not suitable for underground con-
struction. Arsenic and mercuric chloride are poisonous, and mer-
curic shloride and copper sulphate corrode iron and sgteel.
Deadmen should be petroleum-base treated or heavily
coated with an asphalt or ter. Exterior sh=athing timber ghoculd be
insect and decay resistant and be protected by a waterproof covering
of roofing or paint. Interior structurel members should be made in-
sect resistaat by preservatives or by thorough painting and shield-
ing. Footings slould be given protection ejuivalent to thatv pro.
vided for deadmen. Generally, the ground over the structure should . !
have good drainage away froxm the ares. ) “

- Lunber may be employed as an alternative construction |
materia’. to straight corrugated steel plate for sheathing end walls ) '
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and some basic structures. Table III specifies thickness selection
for the lumber alternate s2.d4 is based upon an allowable fiber stress

of 2,000 psi in bending.

Table III.

Comparison ot Corrugated Steel &and Lumber
As Sheathing Materials

Corrugated Steel Sheet

Luscer

Gage

Section(b) Mo::::?gT(c) L

Thickness of
umber to Provide

U.S. Thickness Area(’) Modulus  ,in.-Ib Equivlent
gtd.  (in.)  (in.?) (in.3) in. wigtr. _ Strength(d) (in.)
12 0.°046  0.1297  0.057h 1550 2 - 3/16

10 0.1345  0.1669  0.0732 1970 2.-1/2

7 0.1838 0.2283  0.0089 2660 2-7/8

5 0.215  0.2666  0.1147 3100 3.-1/16

3  0.2451 0.3048  0.1303 3520 3 -1/

1 0.27%8 0.3432 0.1458 3930 3 -1/2

(a) Standard heavy corrus-tion pattern: 2-inch depth with 6-inch

() Per inch of horizontal projection.

Steel 27,000 psi

(c) Maximum fiber stress used:
Lumber 2,000 psi

pitch.

(d) Baeed on ssme average stresses as those used in design for
timber basic structures.

10. BEnd Walls.

End walls are designed so that they do not

restrict or determine the level of blast effects a structure can

vithatand without failure.

To fulfill these conditivns an end wall
must be capable of withstanding surface side-on overpressures higher
than those at which the basic structure will fail.

Furthermore, it

muet not place loads upon the basic structure which will increase

the overall vulnerability.
are ease of construction;
easily iransportel materials;
oasic structure for entrances, alcoves, and utilities;

Desirable characteristics of an end wall
construction by readily available or
ability to provide access to the
snd abilicy

to yleld to unusual loading conditions without complete failure

(high-energy absorption after initial yield).

which employ the results of nuclear or high explosive tests are ae-
veloped o> presentcd here.,

End wall decigns
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‘strength of vhich 1s not limited by e critically designed end wall.

43

a. Deadman-Supported End Wall. An apparent solution tc
avrid weakening of the basic structure by an impoeition of forces by
the end wall 1is to design the end wall to act independently of the
etructure. The prime purpose of an end wall is to provide an inte-
gral restraint to earth infiltration into the structure. Thus, such
an end wall must provide a seal against the earth action, yet be in-
dependently supporied. An end wall of this type would be used with
a flexible basic structures such as the corrugated steel and timber
sections which have restricted cnpo.city to withste..i longitudinal
loads.

The desigrs of the enclosed end walls (Figs. 2b
through 26) employ sheathing to hold the earth-transmitied pressures,
a frame for transferring the load from the sheathing to the connec-
tions from the deadmen; and deadmen and footing for horizcntal re-
svraint. As shown in the figures, various materials may be used for j
the sheathing, the frame, and the deadmen. End walls of construc-
tion and materials similar to the designs have vithatood nuclear
blast surfac: side-on overpressures up to 100 psi. The empirical
results of nuclear tests have shown that the capecities of deadmen
under such dynamic loading far exceed those computed from stetic
procedures and, consequently, the deadman design is besed solely
upon these tesis. S8pecifically, the desdmen have been designed to
provide & bdearing .cea and resistance to ¢ie rod withdrawal that
make the strength of thas tie rod the critical element of the re-
straint system.

& o cidae b

With the azcaption of the deadmen and the employmont
of dynamic yield stresses, the end wall design is based upon a large
equivalent horizontal pressure. The pressure depends on factors of
earth berm configuration for semiovuried structures, side-on over-
pressure at the ground surface, and type and compacticn of tha roil
backfill. Theoretical approaches state that the pressure upon a
vartical fully buried wall should be taken ns one-foucrth the side-on
overpressure for backfills of cohesionless soils, either dsmp or d&ry;
one-half the side-on overpressure at surface for backfilla of cohe-
tive soils, not saturated; and as high as full side-on overpressure
for fully saturatesd scils with the water table close to the eurface.
The importeance of backfill selection and placement and of stricture
DPlacement in a well-drained area is smphasized by theses coefficicnts.
To allow for variation in the backfill and to previde a structure.tbe

i g el R M ) VIR

& factor of one-half the side-on overpr#ssure at the surfuce uaec _cen 51
employed for those end walls not based on tsst results.

b. Structure and Deadman-Supported End ¥Wall. Concrete
structures and flexible structures of relatively sm»'l cr~ss sec- .
tional area msy employ end walls which bear longitudinally upon the 1
basic struciure without materiaily reducing the strength. Such
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Fig. 25b. Deadman-supported end wall for structires up to 15-foot radius;
de'dzan support.
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Pig. 26. End wall footing details.

end wvalls may be of reinforced concrete, tizmber, or corrugated gleel.
Corrugated stsel or wood sheathed end walls, in genera’. swoald re-
quire & steel or timber framing. Wide spans of timber may also be
framed. End walls representing all of the types memtioned herc Lave
suctessfully withstood nuclear blast surface side-on overpressures
of over 100 psi. These empirical results have been uced to design
end walls 1llustrated in Figs. 18, 29, 30, 48, 51, and 53. The end
wvall in Pig. 18, employed with & circular concrete st.”~ture, mey be
used with identical placement and bracing for corrugatyd steel cir-
ocular and cattle pass sections up to 8 feet in dtsmeter. The entire
deadmas-supported end wall (Fig. 24), for structures with radii of
10 feet or less wry be employed as & structvre-supported end wzli
1ith similar bracing, sheathing, deadman, footings, ant tie rods Tus
structures with radii of 13 feet or mure.

Structures of 124-foot iadius havs been thoruughly
tested employing structure-bearing, timber-framed, and deadman-
supported end walls (Fig. 27). Other end wall desiman details are
shown ir Fig. 28. Similar end walls may be used for rectangular and
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semicircular structures with heights oy radil equsl to or less than
124 feet. A double horizo.tal beam frame with two vanks of tie rods .
(Fig. 25) should be used in structure-bearing end walle for rectangu-
lar structures with heights 13 feet or more.

Selection from the designs presented for deadman-~
supported and structure- and deadman-supported end walls for a given
baric structure design depends on the cross sectional ares ~f the
basic structure; the material of construction; additional second-
ary design requirements placed upon the end wall (such as provision
of a means of access); and materials available for end wall con-
struction. A summary of the designs and their prinmcipal use is pre-
sented in Table IV for selection zuidance.

! <. Earth at Angle of Repose. Basic structures with low

heights and certain entrance coniigurations may employ an end wall
which consists of compacted earth placed at its angle of revose.
This Sype of end wall has the ad.antage of providing & meaas of en-
trance to the structure free of shear and differential settlement
forces and avoids the use of a constructed end wall. Disadvantages

) are related to the undesirability of an open earth face and the .

7 necessity for a much longsr basic structure to provide required
floor space. The earth en® wall has not been tested under over-
pressures from nuclear detonations, but with its use some of the
adverae effects that rigid end walls have had on basic structures
in such tests would be avoided.

2"

Design of the end wall is to be accompiished in the
field by determining the angle of repose of the earth {dry) to be
emploved. This is the end wall slope, even though batting or sand-
bags may be uesed to provide a dry vearing surface. The top of the
earth fill must exterd at least Z feet inside ot the end of the
structure. This type of ¢nd wall is shown in Fig. 3. Condivione
vhich would favor the use of such an end wall may be the absence of
suitable construction materiesls; time limitations coupled with a
beslic atructure of prefabricated and rapidly placed material;
necessity for avoiding shear forces on utility lines entering the
structure; or constructicn by tunneling instead of cut-snd-cover

methods.

11. Entrance Configurations. Entrance configurations are in-
cluded as components requiring design consideration exclusive of the
materiels of construction or the type and foundation of closures.
Katerials are selected from the basic structure section prasented.
Therefore, the plans provide some illustration of the structure de-

sign procedures. The principal consideration in the design of en- .
trance configurations is the extremely nigh reflected pressure that
is develop2d upon surfaces that obstruct the passage of the shock .

wave upoi, the ground surface. Figure 1 illustrates the amplification
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of overpressure upon reflection from surfaces at varying angles of

iucidence. Entrances that have the closure flush with the hori- .
zontal surface avoid the development of pressures greater than those
of the side-on overpressure. Variation occuis when an entrance clo-
sure may not be completely fluszh to the surfacc because of dusign
and mechanical considerations. For example, the hinges and rios on
the closure may reflect the blast wave so that the rcsultant average
préssure on the closure is greater than the zide-on overp azssure.
Some modifications made to tested closures in paragraph 12, "Blast
Resistant Closures and Frames," are based on the avoidance of loca-
lized reflected pressures. In addition, it is desirable to have
vertical entrance so that the passage to the closure may be normal
to the ground surface. Structure close to the surface should be
kept to the minimum length possible. The entrance passage is pri-
marily subjected to horizontal (lateral) earth pressure loadings
which are on the order of one-~fourth to one-half the magnitude of
the overpressure developed on a horizontal surface at the same depth.

Other considerations are necessary when a horizontal an-
trance section is specified. Under these conditions, an entrarce
configuration must be employed ro that the basic structure is fully
buried (for example, a -amp entrance) or has an earth berm suffi-
cient to create fully bur'sd conditions. Furthermore, the initial
entrance vection from the clcsure requires special design considera-
tions for reflected overpressure developred upon the berm. Maximum
earth cover over this section is dev.rable. The use of vertical
shafts and lifting equipment, therefore, should be thoroughly in- .
vestigated prior to the design of any upstanding closure and accom-
panying horizontal passage.

Blast closures in series are desirable in rersornel ghel-
ters. Reliance on & single closure could ve disectrous if 't were
open at the arrival of a blast vave. Single clcsure: shouia be em-
ployed only on nonpersonnel shelters or on emergency shelters where
the occupancs of the shelter are well drilled in structure utiliiza-
tisn. A high degree of training must be maintained, even with tine
uase of two personnel blast elosures, Lo snsure continuous protection.
Two blast closures are ineffective unlesz a gigunal procedure is
planned or a guard is present to sse that no more than one closure
is ever open at one time, In addition, a double closure configura-
tion could provide a well-isolated radiation decontamination aresa.
Such considerations should be taken intc account when a selectinn
is made from the various entrance configuritions.

Different entrance configurations, with the designs to bYe
employed in the selection of the materials of conatruction, are pre- .
sented here. The selection of a specific entrance configuration de-
pends or the typc of structure and the materisls availasble. The
degree Lo which the entrance configuration selection is dependent on .
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structure use is such that entrance coafiguration is treated both us
a structural compcnent and as a utility to be selected directly from
the structure utilization guide.

a., Vertical Tube to Horizorital Paseage, The greatest
resistance to nuclear blast overprassure is obtained by the use of
a blast closure flush with the ground, in conjunction with 2 smell-
diameter vertical tube passage, leading to a hori: ‘wtal circular one.
This entrance configuration has been tested using various structural

materiasls at overpressures up to 150-psi side-on overpressure without

damage. The configuration shown in Fig. 29 is an adaptation of ith2
tested designs to provide a transition between the vertical tubc ant
the horizontal passage. This plan permits more rapid entry or exit
than 1s possible with the designs tested in the field, A variation
of this design and one which provides an air lock is shown in Fig.
30. The illustrated contigurations are examples. Their dimensicnus
may be varied to permit additional use of the horizontal section or
to allow passage of larger items through the vertical tudbe. Selec-
tion of the end wall for the horizcntal cection should bLe the same
as that dzscribed for the basic structure in the preceding section.

Variations from the illustrated section may be made
by the substitutic.. of circular prefabricated concrete for either
horizontal or vertical sections or by the use of timber, such as is
shown in Figs. 20 and 22. Small-diameter or specially designed
basic structures may employ & vertical section which enters directly
into the structure. Buch a vertical tube would be as shown in Fig.
29. Use of this tudbe, however, is undesirable in any personnel
shelter because of the high initial radiation permitted by the con-
figuretion. A variation of the safety steps could be a straight
steel bar placed as shown for the emergency exit (Fig. 32)., The
stepz may be placed after construction ané secursd b’ nuts or welds.

t. Vertical Shaft to Horizontal Passage. A vertical
shaft is the best blast resistant means of providing entry to & pro-
tective structure for passage of bulky equipment. If poscidle, e
large rectangular cr circular shaft should be used in lieu of a
horizontal entrance from the surface. A large pressure redurticn
is obtained for blast ciosure design by not using a horizontal en-
trance. A suitable rectangular vertical shaft construction is il-
lustrated in Fig. 23. Use of such sections in ccnjunction with &
horizontal passage 1s shown in Fig. 31. The horizontal section way
be of any compatible design or matsricl. A corrugated stwel ve-4i.
cal shaft is shown in the design of an air filiter-generator alcove
(Fig. u48).

¢. Horizontal Entry from Surfacs. A hcrizontal entry

lJeadirg Ly a passage or ramp {o the basic structure is insdvisable.
Such an entry should be considered only when the utilization
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. requirements of the structure require vheeled vehicle: acce:se. Ex? ;
terior walk.through personnel hatches of a size sufficient to with-
stand the probable reflected overpressures are so massive that hand
operation is extremely difficult. The doors would weigh £00 pounds

or more and would be subject to jamming or blocking as s result of
blast action or accumulation of debris.

. Por the situations vhere the use of .. horizontal en-
trance is unavoidable, the entrance section must be designed to
withstand the reflected pressures developed on the berm flanking tre
door. In eddition, the thrust of the door frame foundation must de
resisted either by the entrance section or by a separate bearing
frame. Except for reinforced concrete sections, it is rocomendod
that a separate bearing frame de used.

The increase in pressurs caused by reflection on &
vertical face in the line of the blast wave is indicated in Fig. 1.
For 50-psi side-on overpressure, & reflected pressure of about 200
psl may be developed. The selection of circular or arch corrugateld
steel pections from the design graph (Fig. 11) should be based on
the reflscted overpressure. The graph is valid for extension of the
8ide-0on overpressure scale beyond 100 psi, the limit shown. A resd-
ing for 200 psi oc..id be made by "folding" the vertical scale. In
operation, & plot could be made for 200 Eli 41vided vy 10 or 20 psi,
for the applicadle redius structure. A 45° line would then be drawn
t0 the right and down. At the intersection with the 10-vnei line, an
ordinate would extend the point to the 100-psi line to npociry the
required thickness of steel. JFor a horizontal entrance from the
surface, the cattle paas section szhould be designed using as the
radius for entry into the chart, the actual redius of the long arc
segment at the side of the section (Fig. 13 and Tsble I).

Illustrations of horizontal entrance configurations
are given in connection with door frame-supporting foundations (Pigs.
b4 and L5), The increased pressures from reflection of the blast
wave necessitate use of small cross sectional passage areas and en-
courage the use of iignt, hand-pushed rail cars on removable tmk
ard similar equipment +o tmsport heavy cbjects.

The general vulnerability to initial rediation of a
straight-in entrance section from the ground surface makes the basic
structure unsuitsble as a personnel shelter. The high risk <f iru-
ming a reiatively large door requires chat 8 structure ew; lo\r-.g.,
such an entrance possess a separates vertical entrance.

4. Entrasnce through an Exposed ¥nd Wall. There are a
few rcasons for which direct entrance from the surface into the
suructure through an exposed end wall may be nscessary. Space limi-
tations or construction of storage for high-priority hardware in

e




60

rock may rcquire such an installation. Othemise, s sepa.ate and

independently acting entrance passage to the structure should be .
used. Princiral adverse effects of an entrance through an exposed
end wall are the extremely high initial radiation within the strn:-
ture resulting from the relatively poor shielding of the closursa;

the large longitudinal load with which the end wall bears oa the
structure under blast loading; and the probiems inherent in & door,
frame, and foundation subjected to the reflected blast ov¢.uressures.
The design of an exposed end wall has not been made a subject of this
study; however, Figs. 38 and 39 for the massive door and an exposed
concrete wing wall show some of the problems involved in this type of
entrance,

e. Filled Tube Emergency Exit. Any structure may be
provided u blast proof emergency exit by the use of & corrugated
pipe filled with sand. Such installations have been tested with ,
success at high nuclear blast overpressures. Illustrations of this
type of exit are given in Figs. 32 and 33.

Although corrugated steel is recommended, a blast re-
sistant emergency exit may be built with precast coucrete pipe or .
timber shafts filled with sand.

-t

In operation, the emergency exit provides a means of i
escape without requiring full-icale excavation. Personnel trapped
by partial failure of the principal entrance, for example, by Jjam-
ming or blocking of the closure may, with some effort, escape from .
the structure. The sand is shoveled fmm the lower end of the emer-
gency exit to permit gravity evacuation of the column of sand. Care
should be taken in selection of the fill to prevent packing within
the column which would hinder removal. Also, siliy fines couid frul
the air within the sielter during the removal operution. The cross
sectional area and length should be kept to & minimzy to reduge the
amount of material to be removed. A ladder or steps should bhe
placed within the pipe to ensure exit, to avoid tne need to store a
ladder 4in the shelter, and to provide a means of access to material
stuck in the tube during evecuation. ‘lue thickness of corrugated
steel 1g not critical 1f the £11l meterial iz well tamped. There-
fore, the lightest gage available may be uscd. A frangible water-
proof cover should be placed over the exterior end of the exit. All
uccupants of the shelter must be acquainted with the location and
operation of the emergency exit, as they must be with all of the
operating and emg.gency equipment of any shelter.

12. Blast-Resistant Closures and Frames. As with the entrance

configurations, the orientation of blast resistant closures ir crit- -
ical in determination of required design overpressure. For example,
in a 50-p-.i side-ciu overpressure regiou, a vertical exposed face may ’

be subjJected to 200 psi upon shock wave reflection, vhile a Lorizontal
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face flush vith a level surface must withstand only 50 poi. Exposcd -
- blast closures are one of the principai sources of radiation within

& structure. The air-supply system and openings from a bent or
loose fitting closure are the main source of induced or fallout jost-
shot radiation. A horizontal passage leading directly from a walk-
through or larger door into the basic shelter area may allov lethal
dosages of instantaneous radiation to occur within a structure even
with a satisfactory earth bern shielding the remai-Aer of the instal-
lation. 8imilarly, high instantaneous radiation may be admitted di-
rectly to a structure through e vertical entrance with a flush blast
closure. This source of radiation is reduced most effectively by
the use of small blast closures, by small-dismeter passages, and Ly
offset, or otherwise indirect, entrsnce configurations. Increasing
the thickness rf the blast closure is not s satisfactory shielding
sciution as the increase in shielding is insigrificant, and the in-
crease in weight is prohibitive for satisfactory operation. Clo-
sures presented in this section are designed solely for overpressure
resistance. Those for flush placement over s vertical entrance or
for backing up such a alosure have been designed for 50 psi. The
wvalk-through or drive-through closures heve been designed for 200

pai {Pig. 1). Where possidle, designs have been empioyed which have
been proved by nuclear blast tests upon similar or identical closures.
These tests have sh~wn thst sdequate closures (for blast resistance)
are feasible. As can be noted from the presented designs, the span
of the closure and its orientation are extremely critical. The re-
quired section modulus increases as the square of thz span and pro-
portionally to the applied pressure. Means of reducing the required
span or the overpressure (for example, by use of a vertical lluft)
should be examined thoroughly, with considerations given to possidle

disassembly or placement of dbulky equipment during construction and

f.o reduction of radiation in a parsonnel shelter.

s. Designed Personnel Hatch. Ths hest vlust closure is
e small span hatch for vertical entrance. &uch a closure is used in
oonjunction with the entrance configurations descrided iu the preced.
ing section. A designed hatch, similar to one proof tested during
high explosive blast tests and employing staniard structursl shapes
and steel plate 1s illustrated in Fig. 34. The steel ssctions shown
can be varied, prcvided the section moduli of substituted shapes are
not less than those shown or the steel used does not meet standards
less than those of ASTM A-T (U. 8. Manufacturing Stsndard for inter-
mediate grade structural steel).

A personnel hatch should be employed at the ground
surface and the backup closure to form an air lock. Installation
may be with horizontal or vertical orientation in the latter appli.
cation. Placement within a hc..zontal passage (Fig. 35) should be
made vith the hinges oriented for doorlike operation with gravity
rclding the door open except when secured Ly the locking mechanism.
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3' MINIMUM= SQUARE CIRCULAROR OCTAGONAL

Pig. 35. Desisred personnel hatch in & beorizontal passage;
horizontal section.

A sscond hatoh within a separate chamdir and near to the outsile

closure facilitates the maintenance of & positive closure by macne
of a guard placed betveen the two installaticns. Plesement of the
second Latch within +he horizontal pessage saction vould rrovids a
groatsr area for use in redistion dsocontamination and would permit
the passage of larger groups entering or leaving in each cycls of
closure opersticn. Two guards and posted signal procedures, such
as raps on the closure, should be oconsidered for achieving rapid

personns) passage vhile continuous blast protection is maintained,

b. Closure for a nooj_ta;nﬂm Ghaft. A shaft foiws the
best means of entry for objects into a strusture o5n the basis
of radiatisn and structursl blast res!:-tance considerations. The
closure shown in Pig. 36 or modifications to this design permits

passage of large equipment through & vertical shaft. Use of light
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Fig. 36. S8teel lift-off shaft closure.

rail aquipment in the bhorizontai entrance Hassage at struciurs level
wuld facilitate the movement of such enquirment inic the structure.
The creane, wrecker, or other lifting device used to raise or luower
the equipment in the shaft could sizilarly be used t0 pliace and re-
move the closure. Design of the closure is based on the eelection
of an alloweble fider stress Lclf that of ultimate stress and about
two-thirds of the dynamic yield stress. A finite risc time «s a re-
sult of grsdual load application may bs assussd for a blast over-
pressure of 50 psi. Bhock propagation velocity at 50 psi is less
than 24 feet per millisecond, and the computed period of the funde-
mental mode of vibration for the designed shaft closure is approx'-
mately 1 aillisecond. 8pecific values used in the dezizn vere a
naximum fidber stress of 30,000 psi and a uniform loed of ' psi.

The resultant section modulus wvas 2 in.3 per inch width of closurs
for the 8-foot span. Veriation in required sectinsn modulus result-
ing from the use of a differc.i span may be made by empluying the
following relationshiyp:




9 S o

2
a ,,/s an in i‘eet>

{feet

where 5 is the revised section modulus for s section of ASTHM A-T
steel. The section modulus can bs =orrected for the use of difrer-
ent materials by inclusion of the maximum allowable dynamic fleld
stress. In this design, the maximum stress of the steel used was
60,000 psi. This approximate method of design is suggeste. for
field use and provides a higher factor of safety for the alternate
material than does the use of steel. This procedure is desirable
as it allows for u more rapid rate cf application of the overpres-
sure. The fundarental period of vibrat. »n for sections of timber
or concrete designed to resist pressures of SO psi is considerably
longer than for a steel section of the same span, beczuse of the
greatly increased mass and decreased modulus of elasticity. The
required section modulus, 8, should be varisd inversely with the
ratio of f',, the allowable maximum dynamic stress, to 60,000 psi,
the ultimntz stress used. The following expression based on one-way
beam action may be used for design:

2
gpan in feet 60,000
8(in.3) = 2'\ st ) .?4';_.

A similar expression for steels other than ASTM A-7 may be used by
relating the static yield stresses (fy), thus:

2
span in feet 33,000
8(1n.3) = 2 feet :) fy

Because of the negat.ve pressure phase of the biast-
wave, the shilt closures should be designed to withstand an upward
pressure ¢f 5 psi. The negative pressurs required for design (5 psi)
does not vary linearly with the positive preseure, but may be con-
sidered as an upper limit to the pressure differentifal. The back-
ground work on vhich design assumptions may be based 1s limited, bdbut
the use of S-psi negative pressure should svoid any failure to a
structure. The fleld degigner may Jjustify a smaller value Lased on
one-time use of the structure and absence oi overpressure following
the negative phase. Thus, although failure occurred, little inter-
nal damage 1s likely unless a second detonatior takes place.

c. Designed Walk-Through Door. The blast clesure shown

in Fig. 37 is fabricated from standard rolled steel shapes snd plate
steel. The closure should be employed only when use of the smaller
personnel hatch is not possible.
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The weight of the door, the pocr radiastion shielding
it affords, and the excessive pressureg arieing from reflecticn of .
the blast wave {note in Fig. 1 that the ratio of reflected to side-
on overpressure increases with increesed incilent overpressure) meke
this type of closure hard to Justify. An sdditional advantage of
flush closuras is the suscaptibility of upstanding surfaces to dam-
age by fragmenis of conventional aerial and artillery weapons.

The walk-through door is an alternative to tuc per-
sonnel hatch for in-tunnel placement to back up an exterior closure
to form an air lock. Furthermore, the welk-through door should be
considered for situations which require a means of horizontal ac-
cess where the width does not necessitate a massive drawbridge-type
closure. Two doors with a removable center post mounted within the
frame illustrated for the drawbridge door (Fig. 45) would be easier
to operate. A thin steel arch section in the door has received
limited nuclear dblec’ testing. BSeveral prototypes of similar design
were fabricated and emplcyed in the tunneles used for the underground
nuclear test serles Qualitative experience gained in these tauis,
in which exposu-e o iue vlast doors to overpressures were accidental,
indicated the u*.wi::n of the door was greater than the strength of
the frame and frawc-inindation connections. A closure employing
rolled steel sectiorn: Lo - pan the frame instead of an arch action was
tentatively designed fi'r siamilar blast overpressures (200 pci). The
weight of this door was abvout 200 to 300 pounds in excess of the LOU
pounds of the presented door design. The door is too heavy to be
rapidly operated by individuals. Closures may be conservatively de- .
signed because it is du:irable to have the strength of the whole de-
pendent upon the basic structure and not limited by its lesser com-
ponents. The nuclear blast tests have rcvealed that the closures
are vulnerable to feilure, and thereby, catastrophic conditions may
result within an otherwise undamaged structure.

.®

4. Massive Drawbridge Door. The massive steel door il-
lustrated in Figs. 38 and 39 should be considered only when any other
meena 2f closure is not feasible, The design is one which has suc-
cessfully withstood reflected nuclear ulast overpressures of 180 psi.
It 18 modified to provide a greater resistance to reflected pressures
of 200 psi (anticipated as the maximum in the 90-psi side-cn over-
pressure region). The door provides negligible shielding to inatan-
taneous radiation, does not readily provide an air seal, requires a
large constructive effort, and is awkward to operate. Nuclear blast
tests have shown that doors which operate cn rollers are subject to
Jamming, even though they are easier to operate in nowmal cirvrmstan-
ces. The drawbridge door provides rapid opening for exit of .ital .
equipment, It has a demonstrated resistance to the design blast .

overpressures.
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13. ' Door Frame-Supparting Foundation. The closures and fram:s
are designed to withstand the effects of nuclear blast overpressures
in the 50-psi side-on overpressure region. The foundations for
these closures are presented separately, although the order of llst-
ing is governed by closures. Little chosice in frame-supporting
foundation exists when the type of closure has been determined. The
foundation designs are similar to prototypes which have withstood
nuclear blast overpressures in excess of 50 psi. Adaptations of
these designs provide equivalent resistance while exploying other,
possibly more rapidly constructed, materials. Thus, a choice of
foundations may be applied to & specific closure. Furthermore, a
specific frame foundation may be used with different closures o.
similar application suck as those for s vertical shaft. In the
foundation foi' a blast closure one must consider the force trans-
nitted by the closure frame; the nsed to resist uplift pressures
that result during the negative pressure phase; the orientation of
the closure; and the danger of imposing longitudinal forces on the
entrance strusture. Bczause of its adaptability, reinforced con-
crete is an excellent material for this purpose. It is inkerently
massive and forms an excellent seal. S8tructural stesl is illustrated
as & less favorable alternate. Where feusibie, the designs ilius-
trated are similar or identical to those wnich have been tested under
nuclear blast loa®ings.

a. Corrugated Steel Retaining Rings. The most readily

placed foundation for the personnel hatch employs lightweight corru-
gated steel sections. This foundation (Figs. 30 and 34) consists of
an inner ring forming the initial passage section and an outer ring
providing definite retention of the bYesring plata and enclosing a
tamped earth or concrete-{iil2d hollov column to avoid failure in
bearing or during the negative pressure phase, The inner ring sec-
tion is of larger diameter pipe than the continuation of ihe pascage
below to provide independent action In respomee and leeway in final
alignment and height under field sssembly conditions. The B-gage
stesl provides adequate thickness for velding. A simllsr S-gege
section withstood the load genersted by high blast overp:essures
(130 psi). Use of the heavier sectica as the foundation for the
first 3 feet of entry pasaage allows the design for the lower en-
trance pipe to be made with no special considerations for surface
placemsnt. Concentric rings to provide a concrete form keyed to the
sdjecent soil may be employed for foundations for vertical chaft
covers (Fig. 40). Corrugated steel for the shaft lining is eqonoai-
cal, reafily constructed, and easily deaigned; therefzre, the wie
of this material is encouraged. ,

b. Reinforced Concrete Bearing Pad. The bearing pad il-
lustrated in Fig. L1 is & sul.able alternate and a cested means of
providing bearing for the personnel hatch. A backup hatch to !nsure
vlast protection in a personnel shelter may be installed as is &iown
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( 75
in ¥®ig. 35. The design of the bearing pa.d is an adaptation of a -
reinforced concrets pad tested at side-on overpressures up to 100
psi with a Navy-designed prototype steel hatch.

1 8Y2'® OR SQUARE OR OCTAGONAL I

OCTAGONAL l‘ or

. L R

OESIGNED PERSONNEL MATCH

BOLTS-Jex24
WELD TO PLATE
16 TOTAL

Pig. k1. Concrete bearing psd for a personnsl hateh.

The walk-through door foundation for in-tunnel place-
ment is & variant of the reinforced concrete bearing ped for place~
ment in the vertical plane. Installations similar to the one shown
in Fig. L2 were placed in the tunnels used for the undergrouns -
nuclear tests series. The applied pressures and the responses c¢f
the installations were incidental to the test programsc. The founda-
tions were adequate although the design employed for the insalla-
tions illustrated a weaknass in the dcor frame and its connectiona.
The pressur+s ercountered, however, were somstines iumposed from 4ls
inner side, placing the full force develuped by the roflecied blest
Gverpressure upon the hinge and latch vhich in normal design load-
ings would be adequate for the possible forces of the nesmtive
pressure phase.

e. Conzraty Reatangular Hatch Foundation. The best
foundation for a rectanqular shaft hatch cover is concrete poured to
form an integral unit with the frame support and the shaft lining
(Fig. 43). The similarity to the concentric corrugatoed steel in-
stallation can be noted. An ideal form for the outer perimeter
wold be straight corrugated steel ssctions to provide & jood co:
crete-earta key, and to maintain the quality of the concreis =t wanat
would othervise be a concrete-earth contact, The design is intended
tc provide a massive foundation for sprvding the vertical pressures
and for resisting the upvard force Auring thz negetivs blagt pres-
sure phase. It should pot be considered as the sole prototype but
as one mecting minimum design criteria.
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2' SQUARE CONCRETE
SAME SECTION TOP,
SIDES,AND BASE

HANOLE

NO.4 BARS - ‘

Pig. L2a., Walk-through dcor in s horizontal pessage; hori- .
v zontal section. ) .
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4. Walk-Through Door Foundation. An adequate fowwiation
for an external walk-through dcor is shown in Fig. Lk, This Navy-
designed structure will withstand an cverpressure of 200 psi. 1In
the design, independent response should be provided by means of a
slippage space between adjacent structural elements. A nonfragzent-
ing, shallov retaining wall for retention of the berm should be used
t0 avoid blocking the closure with fragments, an occurrence which
has been noted with soms reinforced concrete ramps and retaining
walls. A severe problem is the great overpressure magnification
that can take place at cornera spd interior junctives of plane sur-
faces. As illustrated, sandbags or a sand ramp may disrupt this
effect and reduce the possibility of failure at the lower sill sec-
tion of the foundation.

s o
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Pig. L4b. Exterior walk-through door foundation: Se~tion
B'Bo




™~

9.

PN

RS p 4

‘L
NO.GBARS AT IZ" p419
EACH WAY EACH FACE X

/ (EWFF)
r

v g . g

- - - e -

LAUDITIONAL
NO.6 BARS ——.

- G wa we dpe an e ey

r.__és

/

o p

|
|
!
f
|
ji
p
!
!
t
[

Pig. bhe, BExterior walk-through doos foundation;

NOABARS AT It
H-

WALK THRU DOOR FRAME

LOWER 180° OF 20’0

e. PReinforced Concrete Foundation for Masaive Door.

frame has a proved blast resistance capability.

ik, Ploors.

its components, such as alcoves or enirance ccaflguratior~, is con-
sidered separately as a result of nuclear test experience with vary-
ing types of flocrs.
and slight daformation of the structure.
tial moveient are to be expected in the floor aree.

The design of floors for the basit structures c.:

|

Sectior CC,

The
drawbridge-type door (Flgs. 38 and 39) whicn was testsd under nuclear
blast employed a combination entrance-frame atructure.
ture, illustrated in Fig. 45, provides adequate strength aid is long
enough to develop fully buried conditions for the associated units.
Even though a massive construction is required, the resulting entrance

This struc-

Denigning for niclear blast permits sc.tilemant
Thus, heave and differen-
The possible
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unne of protective snelters may require rigid or high bearing sirength
floore, The types of fioors are presented {a order of decivability.
The simoalent tyre that will satisfyv the reauirements of the structure
sunuld e pelected,

a. Sand or Earth. Well-graded and compacted earth forms
a floot which is least lixely to be atfected by cverprazssure or blast
phen~mena, A sand or gruvel Tloor, possibly with & ata®ilizing agent,
would also bhe in this category but might have some widssirable fea-
tures, An esrth [ioov should be of the same quality of waterial as
that vequired for %a-kfill. Gravel or sand should not be employed
in entrance configurations or near blast closures because granuie'
material might be tranapovted by overpressure leaking past the clu-
sure, GCravel might clog the serl and ceuse malfunctioning of the
cl-aure device, Lightwelight rail equipment may be used with an earth
floor to provide facilitics fur hauling heavy louds and yet retain
the advantages of earth flooring. Sandbags may be uaed wvhen a poor
801l such as & ciay, #21*, or organic bearing material would other-
wise be exposed,

t. Sectionr]l Wod Fivoriug. ine neea 1o AIDPOST equipe
ment or the requireme~tp of gtructure use and occupancy may necessi-
tate a s0lid floor, Sectional wood flooring 1o the best type suited
to recist the neaving or settlement of nuclear blast =ffects. This
flooring, simiiar to ‘hat fourd in military squal tents, uses a wood
sheathing wearing surface held by a& 2-by-b fram» of dimensions suited
to the floor plan. The largest section dimension should be no

‘greater than 8§ feet to facilitate handling and sovement. The fioor-
ing thickness and desigr of the supparting croass mendbers are deter-
mined ty the uses of the structure. The flexihility afforded by mov-
able sections which provide room for inward displacement of the
structure sides, furnishes the rejul-cd res'stance %o *auage by
nuclear blapt overpreceurea. Variatione ~7 ¢hie typy 3¢ flooring
would be pallets or flooring aectinne placed only on thoee portions
of the underlying earth floor where apecifiza‘ly requir.d (that is,
covering a subflcor storage bin or providing a pallet for equipment
mounting),

. Plerced Steel Plark. FPierced steel or aluminum plank
may be used ap a flexitle, hemvi-duty wraring surface, To pravide
novering for an entire floor surface, the plank should be laid par-
allel to the major axis of tne structure; earth heave or asettlewnsr,
caused by blast loadings s wonsrally pacallel to the fouc ugen.
Plercrd steel planking for wheeled truck lanen can he used n stor-
age structureas. Pallets or seccional tiooring nay be laid (n the
actual area of storage.

¢, Conzrete. A powred-in-pluce concrete floor providses
a rlean, excellent venring surfuce which oru be dentgned to withptaad
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heavy loads and the adverse effects of nuclear blast overprassures.
The concrete floor and its gibgrude should be designed for depth and
reinforcerent on the vasis of intended structure use. Unreinforced
concrete floor elabs (f', = 4,000 psi) poured nn corpacted earth: rub-
grade have been tested in side-on overpressure regions up to 100 psi
in flexible metal arch structures. Under such nuclear tests, cracks
were developed in the concret~ (Fig. 46). Cracking under footing
settlement and floor heave could be avoided by scoring and use of
expansion Joints (Fig. 47). Bight undred square test is considered
a maximum for a single slab, scored as illustrated. Slabs of thils
oize are likely to be impractical for small structures or restrictel
working spaces in underground construction.

IV. UTILITY COMPONENTS

15. Jeneral. This section presents the requirements, the
bases for selection, and the spucific designs, prototypes, and engi-
neering data for utility comporisnts for protective structures. BEm-
phasis on selection of designz and specific items of equipment has
Leen based on proved perforvance, wvhere availadle, from nucloar
veapons effects tests. A minimum of detail has been presented for
those facilitims or itewms of equipment which employ conventional
construction practicee Or are military stock equipment, more fully
descrived in the referenced technical menuals. Belection of utili-
tier an well as entrance configiurations is dependent ¢n the struce
ture use. Table V presents recoemended selections of utilities
vased on utilization. Belection of utilities for the various struce
ture uses has been bagsed on simplicity and on proved systems or
equipment. PFor extended or preshot utilization, an ecnnomy of oper-
ation is desired vhich precludes the continuous use of emsrgency
equipment., These principles have been fallowel ‘hroushout 4c
prese.tation. :

16. BRlectric Powver and Lighting.

&. DBattery Pover. Battery-operatad lights are required
for every structure tor use either in an emergency or as the sole
lighting means for emergrncy shelters or storage structures. In
addition, battery powver may be required for communicatinn ecuipment.
Becauss of the funes that may be given off by discharged wet cells,
dry cell or sealed batteries should e the only type used in under
ground structures.

b. Engine-Driven Ozn:rator. GOasoline-engine-driven
portable generators of the standard Army series may prmvide pover
for long post-attack periods or for intermittent pre. ot tse, The
specifications required f:r generator selection and their incorporn-
%24.n in the structure desisn are given in the list on page 87. A:
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mufflers are not employed at the motor location with underground
installation, the dimensiors of the units showi. may be used as the

basis Yor design.

A gasoline-ergine-driven generator snd fuel must dbe
placed in a room or alcove separated from the personnel shelter.
The generator and gasoline supply may ve located in & fireproof,
gastight room within or below the floor of the haslce structure or
in a separate unit, connected to the main structure for access, and
isolated by a gastight seal. Handlirg, storage, s:d replacement
problems dictate that fuel should be stored in standard S-gallon
cans isolated from the walls of the storage bis or structure by an
air space or sandbags,

The generator engine must be adapted i underground
installation. A surface exhsust outlet and ventilator say be re-
quired to collect the cooling air expelled through the genarstor
rediator. QGeneratur air requiremants must be included in design to
ensure & small positive pressure differcntial within the structure:
at all times. The approximate wir requirements of the generators
are listed vith the specifications. The means by which cparuting
roquirements may be satisfied are illustrated in Figs. L8 and 435
8election of the various means of installation depends on structure
utilization, hours of continuous operation, volume of the structure, .
number of parsonnel occupying the structure, end ventiistion facilf.
ties. The spacifications referring to0 the air requiremerits and

standards for personnel should te noted in gsnergytor iretaliation .
dsaign t0o avoid overheating of the air by engine or gemarator
cooling.

¢. Central Pover Source. A protected genevetsr should
be considersd for continuous use with an inatallatfon consisting of
seversl seporave structures. Pover cadles protected by burisl and
placed to avoid shear at entry tu a structure vould permit economy
of constructive effort, material, and fuel. The cedles would rurnly
electric power for continuous use. This means of providing electric
pover is most suitable for installations of two or more structures
in proximity. In the actual installation, the generstor or generc.
tors should be placed in a separate structure which should be con-
nscted by a horizontal entrance section, with & suitsadle gastight,
blast resistant, closure, to an occupied area. Buch an installation
would permit supervised generstor operation wvhile the operatows
avolded the fumes. possible ozone concentratior, and noise cond{.
+iona in the povwer rvom. The installation of the generators cruls

be similar to that shown in Fig. 48, clthough on & larger gcale. .
For installations vhich employ one large-output generator, a second .
smaller genemmtor should Y conellered to supply pover for Liwe

demand periods during which the principal generatsr fs being serv- .

iced or fieled. A centirally protected generator {igtallation may
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use conventional public utility power for economy, vhen available.
The switchgear can be siturted within the geneiator structur=. To
avoid continuwous operation of emergency equipment, conventicnal
power, if available, should be used before the tlast.

17. Air Treatment.

a. Rudimentary. Structures for short-@uration occupancy
or for storage use may require no air treatment. The bases for de-
sign of structures having no treatment are given in Tables VI, VII,
and VIII. An allowable sealed-in period may be computed using the
following formula:

Safe Allovable Period = CO2 Concen. Allowable x Volume of Shelter (F‘t3)

No. Fersonnel x COz per perzon per hour (FtJ/hr
The safe maximum COp concentration may be taken as 0.05 (5 percent).

Table VI. Minimum Ventilation and Space Requirements
for Protective Structures

Ventilation  Total Surface  Floor Area Volume
Period of Rate per ‘sea peraPerson per Person per Perason
Occupency Person (cfim) (££°) (££2) (2t3)

Personnel at rest:
Oxygen consumption approximately 0.008 cfwm.
Approximately LOO Btu expended per hour

3 hr None 30 6 50
12 hr None 50 6 5
Continuous 2 cfm 25 ‘ 6 ‘ 50

Personnel at moderate activity (normal operations #ithin & protec-
tive shelter): '
Oxygen consumption approximately 0.028 cfm
Approximately 1,000 Btu expended per hour

3 hr None 75 6 120

12 hr None 100 é 353

3 hr 3 ctm 25 6 50

12 hr 5 cfm 25 é 30
Continuous 5 efm 30 6 60

Personnel at vigo:ous activity (unlikely in protective sheltei):
Oxygen consumption approximately 0.056 ¢fm
Approximately 4,000 Btu expended per hour

Oontinuous 10 efm 30 € 60

pr—
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Table VIXI. Effects of Tempevatur~ and Humidity

Physical Relative  Humidity (%)
Temper- Effect Humidity (%) at Which Lcat
ature on fcr Borderline Prostration
{°r) Occupants Comfort * _May Oceur
50 Physical stiffness of 85 .
extremities begine
60 65° optimum condition 8o -
70 75° physical fatigue begine 70 -
30)  85° mental activities slov 60 9
90 down, response slovs, and hs 90
100 errers vegin & 90
120 Toleradle for adout 1 hr, - -
far above physicel or
mental activit) renge
160 Tolerable for 4 hr - -
Table VIII. Bffects of COp Concentrations
&32 Cencentration

in Air by Volume ()

Bffect

0.% Desiredle maximum.
1-2 Not noticeable, alihough 1t ey uduco
efficiency.
3 8light effort needed to bresths.
5«10 Heavy breathing and rapid tiring.
10 Fatal, i2 present for any length of time.

Note: For oomputation in the formuls for safe allowadle pericd,
use oxygen consumption for the COp formation per person.
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Unventilated emergency personn:l shelters shou'd be designed so

that the blast closure is open at all times priour to use. The
draft effect of the exposed entrance or, if necessary, intermittent
forced ventilation, should be gufficient to keep the air of the
structure fresh. If desired, emergency equipment such ae oxygen
tanks and masks, oxygen regenerating mask assemblies, and s*andard
particulate filter and gas masks can be used. The standard gas maek
should be worn when the blast closure is cpened to allow & v charge
after an sttack. There is & swall contamination hezard from such an
action, and radiation monitors should be used. The individual gas
macks provide good protection sgainst the inhalation of airborne
ralloactive material., The absence of mechanical air filtration
equipment may require the storage of radiac instruments and salf-
reading dosimeters, the provision of intershelter communicetions,
and the training of ail potential shelter occupants in various
safety procedures.

b. Motor- or Engine-Driven Filter, Filtered air may Le
provided in a personnel shelter Ly msans of the standard Chamiccl
Corps filter units. These are gas and particulate filters in s fam-
ily of sizes povered by an electric motor or ss an alternative, by
& gascline engine as for tus M-6, 300-cfm filter unit. The unitcs
are descrived in detail ir the appropriate technical manuals. It is
preferred to run the filters with an electric motor supplied by a
remote blast-protected power source, theredy avoiding the need to
satisfy exhaust, intake, and cooling requirements for separate gaso-
line engines. The specifications of the standard units are given in
the list on pags 95. An important considerstion in the use of sny
filter unit is the heat output of the electric motor. Hest removal
mAy nezsssitate a greatsar airflow than all cther air requirements of
the shelter combined. Air-filter units should be placed, vhenever
possible (esmential for all but the smwallest filters), iu an .lcove
from vhich the air 1s exhausted direct to growid surfaca, therady
avoiding unduly large-capacity requirements.

The intake of the filter units zust be protected by
antiblast closures and surge tanks. In sddition, the exhaust from
the shelter should employ aniibackdraft valves to protect the struc-
ture from contamination., These accessoriee are described in ™
3-4240-203 and, except for the surge tank, are standard items of
Chemical Corps supply. The M-l antihblast closure (s valve), illus-
trated in Fig. 50, has a maximun intake airflow of 300 cudic feet
per minute. A higher airflow requires addi.icnal closurea. Instzl-
iation of the antiblast valve should be within an actessiule ares,
to permit inspection and repair; however, the gricge tank may be
separate from the structure. A minimum surge tark capacity of 25
cubic feet is required for each M-1 antiblast closure. The surge
tank may ‘e constructed of culvert sections and placed belaw the
floor of the structure. Inlets or exhausts to the surge tank for
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PULLWIRE FOT TESTING

Pig. 50. M-l antiblast closura.

the filter, uxiiausts, hesters or motor can be made thiough hcles in
the culvert section or through the timber end well. Details of &
suitabls installation are shovm in PFig. S51. FPigure U8 1llustceetes
valve &nd gurge tank irnstailationa in s separate generater-filiar
sruciure. Antidackdreft valves should be used between partitioned
areas of a shelter and on vents leading to the exhaust surge tank.
A ty ical shelter floor plan exploying thase items is shown in Fig.
2. Details of the generator and latrine alcove installations are
included in Pigs. L9 and 53.

Use of a gas-particulate filter allows personnel +o
avoid the inhalation of radiosctive particles in the form of wespew
prod. cts dust from induced radiation eruss or from the fallout cone
tamination of & surface burst. However, this rediosctive msterial
trapped by the filter is a possihle so'wce of high-intensit; redic-
tion. The location of the filt:ar unit should afford shielding from
the occup ed area of the structure. Oerra raliation is the
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SURGE TANK
30 BOA PLANGLD
CORRUGATED ST L

LENGTH &', ENDWALLS 414" %

Pig. 51. Antidblast closure and surge tanks dotails. Tventy-
five cubic feet of surge <.nkx volume are requir.4 fo- sach
M-1 antiblast closure (capacity 300 cfm) employed.
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Pig. 52. Typical shelter floor plan; air flow fllustrated.
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principal type emitted by such radioacti e material. Furtherwore,
it .3 the type that requirer the grestest mess of shielding for re-
duction in its intensity. Idequate shielding is easily obtained by
means of a large earth esepa:ation between the rediocactive saterial
and te ocoupied area. Rep'icement fiiters should be stored vithin
the structure. A meens of svaling contaminated filters (plastic
bags) and & safe place for their burial (for example, & pit in the
earth floor of an alcove) shonld be provided. Here, mechanicsl
filter and air change equipment incresse the safety regiirements
for radiac instruments, self-reading dosimeters, and treining of
the possible shelter occupentis.

18. Water Supmly.

a. Storage. The most convenient, blact recictant ~sens
of wvater storage is the standard S-gallon can., Water treatment
chemicals should be kept on hand fo:* preserving long-stored wvater,
but 0 rictd gystem of regular replacement of the stored water shoula
be iused. The cans should be atored upright, and can be placed withe
in the structure itself or in separate areas. The amount of water
to be stored depends upon the structure use and the duration of occu.
pency that is enticipated. A minimum of 2 quarts per occupant at
maximum occupancy should de stored in any protective structure, Oue
gallon per person per day should be used as & minimum storasge re-
quirement for long Auration occupancy. Storegze tanks or drums suonld
b. within or belov the structure to lesser shock damage. The twnks
should be of metal or a more flexitle material and should be located
80 thut drainsge after rupture will be into the guhgrade and not on
to the structure floor. Rubberized tanas below the floor level could
Le employed for large.capacity storage. Means of emptying and

R S RN - NBIIOLABUGII, ‘B o re




refilling the tank should be provided. A previously unused standard
1¢,000-gallon collarsible neoprene POL tank (dimensions 42 by 11 by
4 feet) may be placed in = pit below the structure tloor. Because
of the composition of the tank material, the water should be chaiyc4
wveekly and be used ounly under emergency 2cnditions. A means of post
storage treatment would be desirable, A collapsible tank as de-
scribed could provide a protected central water supply for protective
structures., ‘

b. Well Point. If the ground water is potable and the
wvater table is relatively close to the floor level, use of & well
point should be considered. A well point would be the best mathod
to augment the wvater-storage capacity of the structure. The instale
lation would require a remote, blast-protected sewage outfall or a
car:fully designed tank or field sewage disposal system. Arctice
type plastic bags for cewege wvaste disposal would require leas stor-
age space than for wvater storage and may be en effective means of
alloving employment of well point water. Nevsrtheless, chemical
treatment (for example, Halazone) is necessary if pumped vater is to
be stored.

6. Water Distridbution System. A water distridbution sys-
ten may be used to s'pply vashing and sanitary needs, depending upon
the type of structure, Continuous use structures vhich are occupied
for sleeping or working may have conventional water supply systems,
if availadble. Caution should be exercised in installation of the
systen to insure that pipe bLreakage from differential structures
earth settlement 40es not cause a line to break or drein into s
structure. B8teel or copper pipe is adequate for this purposs, .
Pipes should neither be cast in concrete, nor should they be placed
directly belov foundations. The best pipe entrence is turvugh or
under a horizon®al passage sectiorn 121%0 the strusture. An e walil
vhere the princinal respoiise to blast ie hnrirontal roveasnt into
the structure, is au slternate point of entry for utility lines,
either through oversize ports or vell belov the foundaviun.

: ' When adjacent persnnnel sheiterc oxist, considersation
may be given to & protected vater supply system with a pumping and
treatment plant in one ceutral structure. Deeply plsced steel pipe
would be suitable for the distribution lines. The water source may
be & well point or protected lines from a stream or reservoir. The
treatment and pumping equipment could be installed in a manner e!mi.
lar to the separste generaior sir-filter installation (Pig. U8). s
with the electric and air supply utilities, continurus use o emerg.

ency equipment should bve discoluaged. The item: mey be of limited

cumvlative capacity, &s in vater storage or filtration equipment, or
may not be intended for continu.us operation without uaintenance or
repair, This situation would apnly to sewage storage facilities or
gur,line-enqine-ariven generators and filtera., As with all the
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utilities, potential occupants should be familiar with the function-
ing and capabilities of the equipment and with procedures which in-
sure group safety.

19. Sanitary Utilities.

a. Minimel. No sanitary facilities need be pruvided for
storage or short-duration personnel structures. As an altevnative,
buckets or arctic-type plastic bags may be irnstalled or made avail-
able. The existence of a blast-protected space, as vwith a storage-
only structure, is sufficiert to mssune personnel occupancy during
or after an sttack, and sanitary as well as other emergency utili.
ties may br. provided on this baais.

». Bucket Type. Any structure may be furnished vith
dbucket-type latrines, troughs, and washstands, as detailed in other
technical manualse, such as ™ 5-302, Construction in the Theatre of
Overations, Direct or transferrs] drsinage to & separute pit should
be provided., Where feasible, the latrine section should be isolated
from the basic structure by partitions or by location in s separate
alcove parti<ioaed from the atructurs (Fig. 53). Unless the d.win-
age is to a tank vith an outfall or a blest resistant (deeply placed)
tile field, sn alternative %0 the pit or tank means of waste disposal
should be provided for nonemergency use prior to & nuclear attack.

An outfall to a conventional sever system or tile field should be
smployed preshot to avoid lnading the limited capacity of the under-
ground sump.

¢. Conventional Plumbing. Conventional sanitary utili.
ties, emplaced as detailed in TM 5-302, may be employed for occupied
structures naving a piped wvater supply. Exceprt vhere a blast resliet-
ant central water supply exists, these utilities should be augmented
by bucket and sump-type facilities. Outfall shoulA bw of cast iron,
concrete, or corrugated steel pipe and should be to & lagoon, a cone
ventional sever system, or & tank-type facility. An underwvater cute
let to & lagoon or stresam would be the most blast resistant. altiough
conventiona) valves and & surge tank msy be used to preveat back flow
from blast overpressure. Care must be taken in deeign, construction,
and provision for maintenance, (¢ insure blast protection for the
structure and dependadle operation of the system. Almost all plumb.
ing fixtures, valves, and piping designed for domestic usage have
sufficient strength to vithstand the sudbsoil earth pressures of 50-
psi sidm.on overpressure region. Brittle pipes such as those fztil-
canted from asbestos, concrete, or imprograted composition fiber wouad
be unsuitabie pecause of earth gettlemcut o applied pressurse.

20. BEmergency Zquipment. Depend!..3 on the type of structure,
provisions should be made tor enrurced long-duration sccupancy; dam-
age to stardard exits; radiution decontamination and monitoring;

s
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emergency structure-surface communicatlons; end breskdown of the air
supply system. The items noted in this section should be selected as
required, dependent upon use, space, and structure vuinerability.
Emergency equipment should be stored as close as possible to the
center of the basic structure, preferably in en accessiuvle, protected,
suofloor storage bin. All occupants should be acjuainted with the
location and contents of the emergency equipment and its use.

a. Exit-Forcing Equipment. Excessive overpresgures are

likely to cause partial failure of snme of the structure components.
The designed blast closures are most vulnersble to partisl failure,
Jamming, or blockage caused by external debris or transported soil.
Bxit-forcing equipment should be stored in every structure to permit
occupants to dig thei:r way to the surface. The compaction and selsec-
tion of dackfill required to satisfy structursl requirements would
tend to facilitate such action, Exit from a structure may %e possi.
ble by the following methods: (1) unbolting the "hold downs" of a
blast closure; (2) excavating through an angle-of-repose end wall;'
(3) removing the sand from a filled-type emergency exit; (L) urtolt-
ing corrugated steel plates and excavating; (5) unbolting one of the
tie rods fivm u deedman to enlarge the separation between an end wall
and the basic structure through vhich to tunnel to the aurface;
(6) axcavating belov the foundation and then up to the surface, or
any other method which might apply to the particular structure con-
figuraticn. Bquipment that should be available for such operations
are shovels, picks, pry bars, wrenches, hammers, and chiseli. The
list can be lengthened or shortened depending on the materials em-
ployed in construstion and the numbsr of occupents.

b. Foo4. Standard packaged rationa shoulld be stored in
structures intended for long-duration occupancy. The amount and
type of these rations is dependent upon tha anticinated rumber of
personnel and the utilities availsble., The stanfard "C" and "9 in 1"
rations are suitadble for this purpose and have molsture-resistant
packaging. The volume of the standard rations is chown in Tabie IX:

Table IX, Emergency Raticns Requirements
Rations/ Weight/Fackege Volume/Package

Ration Package (in} (cu f¢)
Small Detachment, S in 1 5 27 0.8
Individual “C", Combat (3 ko 1.3
®ood Packet, Individual,

Assault 2k 39 1.3
Food Packet, Survival 2k - 0.63

Note: Al) ratione listed are precooked and may be caten ¢nld or
heated. One ration is the requiremint of cae man for 1 day.

e
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Storage svace for tfie rations ehould be organized no

that used boxes coitaining waste can be stored in ureas previously
occupied by the full containers. Cooking or other food service
equipment is neither essential to protective shelters nor desiretle.
The heat and combustion products of cooking create additicvnal air
change requirements. Rations may be heated, if desired, by placing
them near the generator engine or by 1nnerl1ng in Arained engine
radiator coolant.

¢. Communications. BSignal Corps equipment ias been de-
signed to withstand severe shocks or vibrations and may be mounted
in normal locations within & protective shelter. Equipment shov'A
not bs affixed to or placed adjacunt to outside walls or structural
partitions. Wires should onter the structure by protected means,
siailar to those vhich have been descrided for water supply pipes.
Entrancevays furnish excellent accessibility and a means of avoiding
sharp structure-ground differential settlement, Catles can De at-
tached loosely tc the hasic structure for convenience, but slack
should be left in the lines to avoid parting in the event of partial
deformation of the structure under excessive overpressures. A tele-
shone within a blast resistant cannister close tc the structuce en-
trance at ground surface would de advisadle to insure outeide com-
munications after a damaging attack. Instructions for signaling by
striking the blast door may be posted outside of the structure. A
£111ed steel pipe, céntaining wire with leads for attachment to a
handset or other telephone eaquipment, could be run from the struce

. ture to the surface to faciiitate post-attack communications. Btand-

ard signal equipment can wi:hstand nuclear shocks experienced within
protective ghalters, es has been proved by weapons effects teste. A
radio antenas, tected by exposure to high nuclear overpressure, is
nluntntod in Pig. 54, .

An alam system should de vrovided al) prolective
structures by vhich alerts issued centrally are sounssd vwithin the
structures. Bells or buzzers should be employed for avich purposes.
They should be connected by blast resistant lines placed ‘=3 dagcrided
for the other signal equipment. The central ataticn for the alam
system should be in a blast resistant structure and it should be
possible to test the alurm facilities at any time to insure taeir
correct operation.

4. BEmergency Air Treatment. Certain squipment is avail.
adle vhich wo increase the time period a personnel aholter ms,
remain habitable without adequate air change. Exwmples ar: Chemical
Corps oxygen regeneration mask assemblies; tarks of compressed oxy-
gon or air with individual masks; and commercial equipment such as
air purifiers and oxygen regerzrators. Obstruction ,r other failure
of the air.circulating ejuipment could be offset by use of the amerg-
earcy equipment or by opening the blast clcsure, checking for
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Pig. Sk, Blast-tested antenns installation.

air-carried reAfation. Should surface radiation de high and he 2ir
contaminated, the use of the standerd protective mask and A{sjusadbla
clothing., such as coveralls, gloves, boots, and hoods, would rermit

the occupants to open the blast closure and circulate the air with.

out leaving the structure or receiving & harufui rediation dosage.

As vith all of the emsrgency an? other operating
equipment, procedures to be folloved under foreseeable circumstances
should be jitemized and each ocoupant should be familiarited with tae
safety procedures and the equipment operation.

.. M;olo%ccl Defense Equipmeni. Nquiyment such as
tue tacticsl dosimeter Radiacmeter IM-93 and technical self-reading

dosimeters should be available in all rediation deccntamination sta-
tions, and their use is advisable within any persoonsl shelter, Dig-
posable clothing, tape, and boots should be stored within any str-
ture from vhich monitors will check surlace rediation. Dose rate
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radiacmeters are required to confirm the safe*y of fiitered incoming
alr, and to check for lea'age around blast closures. Means by which
8 gastight seal can be made about an ¢ntrance should be on hand with-
in the structure and may be only a large plasi.c film which can be
tacked or taped around the entrance-struct -e Jlunction. A means of
measuring radiation on the surface (Fig _j) is suitsble for uce of
an Ail/VDR-1 monitor with an extensible asndle section or a self-
reading technical disimeter nounted on a rod. Other equi: »=nt which
can be employed for radiation safety discussed in ™ 3-42uL0-203,
Accessorv Equipment fcr Protective Shelters, incluies description of
the antiblant cloaure, antibackdraft valves, an air-pressure regu-
lator, and a contaminated clothing chute.

V. STARDARDIZED DESIGN PROCEDURE

2l. Qeneral. The procedures by vhich the field engineer ful-
fills the requirements placed ipon & protective structure design are
itemized to ensure comprehensive coverage of structure design anl
utilities gelection. The variety of choices availsble to tha rield
engincer, tue imporvance of continuity in the assembling of compon-
ents to form a structure, and the seliection of sdequate utilities
for the structure, however call for a system of deaign steps to
provide a logical procedure wvhich is developed in this sectiosn.

This method is followed in the design of sample protective mtructures.
The sample structures are not singular solutions to the requirements
set forth Lecause such factors as material, time, constructive effort,
and utility availability necessitate widely varying design zriteria.

22. Development of Procedure Sequence. The basic tocls in the

design of structures by proved components are set forth in Tablesg V¥
ard X. In a logicsl sequence, these tables are us-d as &z a2 in
structure design. Certain factors, such as materisle, manpower,
equipment, time, and function of the structure should be considered
before component selections are made from the appropriate tables.
The steps of the procedure are presented in detail in the following

subparagraphs:

a. Bstablish Minimum Structure Requirements. The direc-
tive for the design of a protective structure sho be accompan‘ed
by certain specific informmtion which the field engineer recuires as
basis for the design. This required information includes tha

following:

(1) Intended Structure Euployuent. A description of
the use for which the structure is intended ie the principal
eriteria of design. This descrijiion may be designation for
storage, emargeancy personnel shelter or other classification,

as nopropriate.

.




Table X. Protective Structures
and Structural Com;onents

‘ Btructure Components Designs References
Classi “ieation rar, Tables-Figures
Basic Struc- 1, Circular Corrugated Stecl e 11,12
tures (par. 9) Cattle Pass M 1,13
(length 2. Corrugated Gteel Arch Yo 11,14,15,16
inmaterial) 3. Circular Reinforced Concrete 9 18,19
L. Timber 94 1II,11I,20,21,
22,23
End Wells 1. Deadman-Supported End Wall 10a 24,25,26,28
sptr. 10) 2. Btructure- and Desdman-Supported
ase Teble 1V) End Wall 10 25,27,28
3. Barth at Angle of Repose 10¢ U9
Entrance Con- 1. Vertiz2l Tube to Horizontal
figuration Passage lla 29,9
2plr. 11) 2. Vertical Shaft to Forizontal
sae Tedle V) Passage 1y 21,48
. 3. Borizontal Entry from Surface llc bb,bks
L, Entrance Through an Exposed End
. . Wall 14 38,39,45
Filled Tube Emergency Exit lle 32,3
. Blast Resist- 1. Designed Personnel Hatch 12a 30,34,35
ant Clssures 2, Closure for a Rectangular £iaft 12v 31,36
and Fremes 5. Designad Walk-Through Door 12¢' 37,b2,45
(per. 12) 4. Vassive Dravbridge Door . 124 38,39,45

Door Prame- 1., Corrugated Bteel Retaining Rings 13 30,340
Suppcriing 2. Rainforced Concrete Bearing Psd4 13n 35,h1,L2

Foundation 3. Concrete Rectangular Hatch
; (par. 13) Poundation 13c b3
) . 4, Walk-Through Door Poundation 138 ks

5. Reinforced Concrete Frame '
Feurdation for Mausive Door 13e  38,39,45

. S

Floors 1. Sand or Earth 1la
(par. 14) 2. Bectional Wood Flooring 1o
3. Pierced Steel Plank e
4. Concrete k.  L6,47,53

Note: Components in each classification ar~ _isted in the order in
. . vhich their use should be considered.
! . Selection of & component from each clascification {s independent
of selections from the other clasasifications,
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(2) Volume of Storage Requirements. A precise des-
ignation of the equipwent to be stored within the structure or
the volume required for bulk storage should he provided. This
information may accompany the directives for the use of storage
structures or may constitute the requiremerts for auxiliary
storage, secondary to another principal structure utilization
(that 15, such as a need to store crew-served weapons and ammu-
nition in a personnel shelter).

(3) PBumber of Occupants. This number includes the
permanent party who might live or work in e atructure continu-
ously, the number of persons who might work or seek protection
in a structure under emergency conditions, or the persons who
may find shelter in a storage structure.

(4) Duration of Stay. Either the directive or the
field engineer must set the duration which the structure occu-
pants may be required tc ztay in place and, as in a continuous
occupancy working atation, remain without receiving supplies or
leaving the shelter. This information is required to establish
air caange, fuel, food, and water storage requirements. A time
for emergency occupancy of the structure msy alsc be selected.
The interval is set b factors such as the teactical mission of
the personnel, the number of people to be sheltered, and the
mobility and communications of the personnel if area evacuation
is required. For example, personnel may be able to leave a
shelter with a secure communications system and thus receive
directions and routes for evacuation at an earlier time than
they would had the time of exit from the shelter been determined
on the basis of dose rate measured st the structure entrance.
Yorward tactical positions may be designed on the besis of two
to four hours' smergency occupancy, &3 the personnel wo:ld be
required to man battle positions or effect +2oti~al man.uvers
immediately afier an attack. Structures located vhere the per-
sonnel would not be required for immediate poct-chot activiiies
(as in shelters provided for civilians or sadministrative per-
sonnel) may be designed to permit longer periods of stay.

(5) Speciul Entrance Consideratinns. Storage of ma-
terial of large dimensions or requiring special handling may
necessitate special entrance designs. If these specifications
preclude the use of vertiical shafts or require special hauling
squipmendyd~tailed descriptions of the stored material should
be furnished with the other design criteria.

(6) Overpressure Region. Specification of a design

side-on overpressure region need uot be made except when it ie
desired to provide protection much greater or much less than
that. for 50 psi. The large amount of data availeble from tests
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in the 50-psi region, the realizstion that absolute protection
is a practical impossibility, and the need to design on the
basis of pressure to achieve balanced deslgn of structure com-
yonents indicate the advisability of using 50-psi side-on
overpressure for military tactical purposes.

. (7) Special Bquipment and Requiremonts of the Com-
mander. Use of communications, plotting, or .izputing special-
ized equipment as may affect the generator, the floor erea, the
haight, or other requirements should be included with the cri-
teria. The commander should paymit the field engineer to exer-

_cise latitude in selection of materials and designs. S8pecial

requirenents for facilities should be aset forth with the initial

eriteria, as underground construction &iscoursges later slters.
tions or additions.

)cial Criteria. The following items may or
may not be 1nc1 in the directive of design:

(a) Duration for which the structure will be
required. This is a factor vhich may determine the utile
ity of timber or the mouity of lyplying paint or
preserv.cives.

(b) Time evailable for construztion. This may
prohibit the use of poured-in-place concrete or of materi-
als not vithin the unit area.

(e) Bpecification af unit rnponuiblo for cona
struction. The directive of dum is incorporated in an
operations order.

() Provision for protection agzinst conven-
tional weapons. Nuclear blast resistive structures do not
provide inhersni protection from conventional weapons
Other than small arms. Protaction against destruction by
boud or shell penetration, high explosive cratering, or
shattering effects must be considered separsately. Buch
situations may be mitigatcd by addition of a burster
courge and would require considersvly deeper burial of the
structures. Deeper placement would not reqiire sdditional
strength because the increase in decd losd would T3 move
than offset by attentuation of dlast loading with Ac<p'l,

b. Ascertain Material Availability. The first step of

the field engineer after receipt of the wisimum structure reguire.
ments is to determine the materisls available. The procedure may be
iimplified by a review of the minimum structure requirsmente ani a
search for the materials of construction in order of desirsbility of

$
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employmeat, as set forth in Table X. Ae an example, for a structure .
not requiring a massive drawbridge or walk-through exterilor door,

the field engirecer should determine if corrugated steel acch material
is available fuor ithe structure and need not extend his search to in-
clude the other gtructure materiels. Tinber for deadmen, footings, .
and end walls and steel stock for hatch fabricstion are required in

almost all structures. The pertinent information for the various

types of materials of construction follows:

(1) Corrugated Steel. The availability of arch-
type corrugated steel should be ascertained as to varying gages,
radii, amounts, section characteristics (type of steel, pitch,
and depth of corrugation if othevr than 2 inches by & inches,
American commercial standa:d), and types, suck as flaiged or
preassembled sectional plate. Deata required for straight-type
coriugated steel theets are the gage, the pitch and depth, the
sheet length, the sleel type (if other than that of standard
American cormercial practice, fy = 27,000 to 28,0C0 psi), and
the amount available.

(2) Concrete Pipe. Should the type of structure or
scarcity of corrugated steal indicate that ¢omerete pipe may de ..
employed advantageously in the conatruction, the dats requirad '
would be the diamete~, the wall thickness, the length of sec-
tions, the number of sections, end the specifications to vhich d
the pip> was made. If the internal construction of the pipe is
in doudt, the D-load to produce a 0.0l-inch crack and the D-load
to profuce the ultimate load should be ascertained by test. .
(Cf. Section I1II, par. 9c, "Circwlar Reinforced Concrete.")

[ R

(3) Concrete In-Place Construction. The information "
required to determine the suitability of concrete in-place con-
struction is the avallablility of the cament, suttable sggre- 4
getes, and reinforcing which may te of Aiffzrernt sizes. langthe, :
and types (applicable to foreign construction wliere ditferent
deformation patterns may effect certain desizn criteria}. In
addition, materisl suitable for construction of forms, false-
work, and scaffolding must be available.

() Timber. Timber may be required for evary struc-
ture for use in passageways, chafts, shaft closures, end walls,
footings, deadmen, or in %re basic structure. The field engi-
neer should obtain a list of sizes, lengths, amounts, types,
grades, and conditions (green or air-iry) of timber. The de-
tailed information may be used to determine the aprlicatilirty
of the approximate design method presented here or may show R
that the design assumptions must be mcdified hecsuce of a large -
departure from the average values used in the derivation. The
eva'lability of treated timber cr preservative coating compound .
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should be determined for semipermrnent structure design in
moist or organic soil. In addition, suitable timber fusten-
ings must be available.

(5) Structural Steel. I% is not necessary to obtain
information on the supply of structural steei unless opecific
structure requireme. ts or the scarcity of other material nacee-
altates this type of construction. An eicept’' - n may be made in
the use of structural steel for deadmen and fou.dations for
semipermanent construction, ard in the need for stecl in clo-
sures, frame, and frame foundationa. If the steel is availabtle
only in limited lengths and shapes, specific data on the ge:.
tions and lengths are required prior to design. Othervise, the
design should be based on the section modulus and use of struce
tural intermediate steel (ASTM A-7). Selectlon of sections
vhich vill match or fulfill these design requirsments then ce:
be made,

(6) Utilities. The means of supplying t%c utilities
muat be decided prior to structure design to provide the arca,
stcrage, access, and alcove requirements which murt de
incorporated.

¢. Construction Time. Depending on the position of the
field engineer and the requirements of the commander, the time
availsble for construction can be & factor influencing the selection
of materials and the structure design. This factor is closely re-
lated to the equipment available because, with sufficient time, some
work may be feasible without gpecial toole. An example would L tle
placenent of concrete pipe or strictural sieel without adequate
pover lifting equipment. 8imilarly, the lack of skilled menpower
may prohibit sertain types of in-pisce concrete or steel construce
tion wvhen time s critical.

d. 8ite Characteristics. Bite characteristive may bde
~ongidered in design by the field enginesr. If s specizic site has
been designated for the atructure, the backfilil, ¢ requirement for
borrov backfill, the water table elevation, and the runoff charsc-
teristics of the surrounding area shnuld be Qeterminad. In other
circumstances, the structure may be dessigned and then an approoriate
site may be salected by the field cngineer.

&. Design of Btructure. With data obtaiucd r-om the
steps just given, the final design may be made. ., chrunvisgical .e-
quence with appropriste explanations .eading tw the completed deaign
is presented in the following:

(1) Estadblish the specific utilities, the emergency
eriipment, and <he entrance configuration to be employed.
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Reference should be made to Table V, "Selection of Utilitles
Based on Structure Utilization,” and the structure requirements.
Means of electric power supply should be selected on the basis
of equipment and 1lighting needs and a preliminary selection of

air treatment equipment.

Final selection of the air trectment facillity 1is
based on air change, humidity, and temperstus,e restri~%ions.
Temperature rise and ventiletion loads are computed froem the
following factors:

{a) Number of cccupanta.

(b) Heat output of the generator engine cooling
system. (Cf. "Specifications for Military standard

Cenerators.")

(c¢) Heat vutpui of the generator itseif* (mul-
tiply the kilowatt capacity by 38 to obtain heat output in
Btu per minute).

(4) Heat output of attached electrical equip-
ment may be take- as the full kilowatt capacity of the
generator less the pover used by a separately locsted
filter exhaust fan.

(e) Heat output of the occupants (2000 K cal/day).

(f) Hent oulput of a gasoline-onginc-driven filter,
if applicable.

Steady-state flov cunditions should ne used for
long-duration occupancy structures requirins f{lter g,:%ausa.
Heat transfer to the structure walls, floors, or other surfaces
\ may be neglected, Table VI, "Ventilstion and Space Requlrs-

mertg for Protective Strustures,” provides the assential pe:x-
sonne) data for design.

Upon selaction of the filter unit and generator,
compute and list the required supplies for the duration of oc-
cupancy. If the struciure {s for continuous use snd the emerg-
ency equipment is to ba employed for presnot usc (not desiradle
for gasolinc engines but practical for electric motors =nd
lights), add to the amounts computed the quantity of suppline
that will be necessary to provide for nunemergency operation.

# If the generatnr or air-filter uni{ is placed in an alcove which
is duented dircctly to the exhaust s'rge tank these heat sources

nAay be eliminated.
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The equipment in use and the interval between resupply are
sufficient fo: estimating purposea.

trance geometry is d:termined primarily ou the
bases of intended structure employment, specific requirements
set forth in the design, the directive, and the size ot the
equipment to be transferred after the structwre has been com-
pleted. It should be determined whether the ~sneratar, filter
units, or other largc items of equipment are to be placed dur-
ing construction (desirable when vertical entrance(s) is to be
used) or are 10 be placed after the structure has been com-
pleted. BEmployment of a vertical shaft may depend solely o
the desirability of removal or replacement of inatalled utility
equipmwent. Consideration should be given to possible location
of larger units of equipment, such as generators, at the base
c(»t -ubtg; s connected by personnel passage to basic structure
Fig. .

Water supply, sanitary utilities, an® emergency
equipment to bde placed within the structure are specified by
structure utilization and avallbie noneergency utilities. As
is 80 vith the fuel and lubrication storage, the supply of wa-
ter, food, an® other expendables, should include an allowvance
for periods batween resupply for preshot nonemergency use of &
structure. The actual design of a latrine alcnve may be made
at this point, depending on utilities, requirements, and utili-
zation. Requirements for special radistion fe-.iiities such as
& separate decontamination room and oquipunt should be notod
for incorporation in the s*r\wmr» design. ‘

(2) Compute the roquirod ‘floor ares and the volume
of the rasic structure. The taces are the number cf man, une
volume required, and the area necessary for stoiuge, equipment,
and movement.,

(3) Design the basic structure. Use Tabie X, "Pro-
toctive Structures and Strustural Components,” and the compiled
lists of building materials, prefabricated shapes, equipment,
time, personnel, and the likc at hend, When a choice of struce
ture redius is availsble, the following consideration should be
made: The volume of material to be excavated and the vclume
wvhich must be replaced und compactsd is e variable composed o’
a firsd quantity (related to the area and denth 27 the atrue.
ture) and a term which is roughly proporticnel to the perimeter
of the structure. Thus, a squaru structure requires less exca-
vation than an elongatel rectangle of the aame floor area. Eow-
ever, the stronger structural section required for longer spsns,
and the inherently greater resistance to failure of shorter
apans (based on the empirical anulysis of nuclear weapoas el.s=cts
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tests) are factors which recommend an elongated short-span

structure, As a rule, emergency personnel chelters, alcoves,

and entrances lend themselves %0 use of circular steel, precast '
concrete pipe, and timber basic structure. Long-duration occu- .
pancy living and working stations require a greater width of

floor space than storage structures. These shtould be wade as

r.ryov as working space and stored material dimensicns permit.

Where poseible, a shaft shouwld be used for storage., "= ad-

vantege of reduced acceleration with depth may be noted.

() Design the entrance configuration and the alcoves.
The entrance configuration, as determined from previous anslysis,
and the nececsary alcoves as dictated by utilities and special
requirements, are designed for compactness of the overall struc-
tural plan; functional operation of the structure's utiiity com-
ponents; 1independent response of the variocus structurel compon-
ents; and aboveground considerations (for example, separation
of the structure air intake and the gasoline-engine exhaust).
The emergency exit should be located in an end wall and shcuid
be within a quarter of a structure span from the centerline of
the basic structure. .

(5) Design “he end walls, The specific design of
those end walls vhich are not integral parts of alcoves os en- .
trances is made after thc location of all of the vartous come
panent structures (alcoves, entrances) is fixed. Belection 32
based on considerations similar to those made for the basic .
structure design. Independent response of the various struc-
tural components is deairable and g dsatermined, to & large

extent, by end wall design and constructien.

(6) Be2lect or design the blast resistant closres
and frames.

(7) Design the supporting foundatiou for the door
frama, ,

(8) Belect the floor type and design and locate the
storage dins. FMunctional placement and accossibility are crit.
ical to the location of the storage bins. B8implicity ghould w
the criterion for selection of the type of floor to bs employed
in the structure, the aslcoves, and the entrances.

(9) Fosition the remaining utilities ard indicate
operation or designstion. These items include the following: .
3urge tanks, blast closure valves, air distrivvtion ducts, .
antibackdraft valves, fans, engine exhaust systems, and storsge
bins. Locate :itilities ard cables entering or leaving the .
struciure. Provide for disposal of radiation.contaminated .
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material such ac filters and clotues. Locate and specify types
of stored wrecking and entrenching equipment, electrical
switchgear, electrical distribr.ion system, and gastight s-ols
for entrances (if required). Provide for a blast resistant
antenna, exterior radiation measurement, and such other special
requirements as may be necessary.

23. Design Procedure. The description and development of the
directive, planning, and design procedures presented in Section V
can be presented in the form of worksheets. These provide easier
reference and reduce the likolihood of duplication of effort.

2k, Utiltzation of the Design Procedure.

a. Bxample of Emergency Personnel Shelter. The design
of an emergency personne elter i illustrated by example work-
shests (Exhibits la, 1b, and lc in the appendix). The structure s
shown in Fig. 56. The design is purposely made without corrugated
steel vhich would othervise be the most desiruble material of
conmatrustion.

b. Example of Continuous Occupency Working Station. A
continuous ocoupan.y working station is presented in which it is
assumed that all materials and other facilities illustrated in the
system are available. Thus, the final structure design countains
most of the refinements vhich may be used in field construction.
The worksheets of the design (Exhibits 2a, 2b, and 2¢) are not come
pleted in detail as it is essumed that almost unlimited choice is .
available t¢ the engineer., The resultant structure is shown in
rig. 57.

e, l}_ﬂ;h of Drive-in Btorgg Structure. A storage
structure is designed to iliustr-te the use of the the mansive dnw- .
bridge door. The design worksheets (Exhibits 3a, 3b, 374 3) a
completed on the basis that the muterial anéd gkill require? !'or
. euwch conatiruction ere available. The structurse deaign is shown in
Fig. 58. BSuch & desigi is not desirsble if a horizontal entrance
can be avoided by the uce of shaft cntry or storage.

P e
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PFig. 56. Exnple of emergency persinn:l shelter.
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VI. CONCLUSIONS
25. Coneclusions. It is concluded that:

a. Results of nuclear weapons effects tests are of suf-
ficient scope and quality that a system of field protective con-
struction by the use of proved structural and utility compcnente is
feasible.

b. The system of design by proved components presented
here allows a field engineer not trained in nuclear weapons effects
to apply the results of wLuclear tests to savisfy ithe requiremert:
placed upon him for protective structures.

e¢. Protective structures may be designed as an assembly
of independent components reacting to blast or shock loadings in
such a manner that the reaction of one does not weaken the resist-
ance of another.
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Exhibit 1., Example of Emergency Personnel Shelter
a. Dircctive for Design Worksheet

Intended Structure Enployment: Emergcney gmmﬂgl she\lter:
Large Equipment to Be Employcd within the Strusture:__pjone,

Toet-Shot Duration of Self.Sufficlent Occupancy:

Emergency Shelter R - hr.
Continuwouz Occupancy Working or Living Station NA daye .

Description or Dimensions of largest Item to Be S8toreld or Emplaced:
x x Crow-sevved \nfa\\-‘ea vRAPen S
Other Special Entrance Considerations: Do ndr uaa air ek
Number of Occup .its: Continuous Occupancy: O .
Bnergency Uss: 40 .
Continuous Use Bmergency Augmertation: MA .
S1de-an Overpressurc Region:_ 40 prsi. ’ ‘ '
Time Duration for Which Structure Should be Designed: s _6 wonths).

Time Availabls for Construction or Date Required: w/4 .

Convantionul Weapcns Vrotection to Be Provided: (no), -ydl o,

Type or Designation of Unit to Perform Construction: 2,!”.“‘5

Eogmeer Combak Campany:

Equipment Augmentation Available for Construction:__ Vegng —

Specific or General Location of Structurs: pNes q | -“a ot




1. Construction Materials Available:

a,

C,

e,

‘Dl'l‘o’h

b. Predeaign Nata Collection Wurkvueel

Corrugated Steel: None {location),
Radius Gage Type Amount Availsble

Straight — Leagtin
Reinforced Concrete Pipe: Nong {location).

"DeLoad Tents Meccgsary" éyeu);) .
no .

Weight per
Ingide Diameter Wall Thickneas Section Lensith Section Amount

Conerets Construction:
(1) Cement: yes (cacks, 1b., and the like) Atmag_'(locatlon).

(2) Pine Aggregnte:Diy;n.an grea. (location). .
(3) Coarse Aggregste: D,y a.on grea. (location). .

Timber: Preo (location).

Wood
Sixe Length Amount Species Quality Condition Preservative

Structural Steel: AS™™ A-7 (yes), (no).

(1) Plate:_Dgacn _ (location),

Dimensions Amount
Xxgxe 2
(2) Rolled Sections:
Section Lengti Amount .
L Saxdsd —Lo Unlinend .

2= ——

SISI“-‘P furp’y-
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Utilities (check those feasible because ot availability):

(1) Electris: )/ None (battcfy)
Generat.dr.
Central (blast protected).
Conventional or Public Nonemergency.
(2) water: Atored Only.
Well Point Peasibie.
Central (blact protacted).
Conventional or I'ublic Nonemergency.
(3) Wo:/hergoncy Only.
Bucket-Type Latrine v/Tark or Drsin Field.

Waterborne to Conventional Sewer, Nonemergency.

Limitations of T'me, Labor, Byuipment or B8ite:

8.

Time (1f covered by directive): Check types of construction
msde imprasctical because of limited time available:

lp-Pl.lce Concrete. |

Walk-Through Door.

Drawdbridge Voor.

Mo Linttations Because of Time.

Latcr (If specified by Sirzctive or othervise apparent): Check

typeo of conctruction made impracticel because of limited skilled

labor (and time) availabdle:
In-Place Cbncrcto Structare.
Struatural Steel.
Walk -Through Door.

Dravbridege Door,

;/Slo Limitations Hecause of [abor.




Equipment (1f specified or othervise apparent): Check those

types of conotruction vhich are impractical because equipment
is not available:

Larger 4 1t or more) Dismeter Concrete Pipe (hoisting and

hauling).

in-Place Concrete Structure (mixing).

Structural Steel (placing and welding).

Dresbridge Door (hoisting and welding).

/%o Restrictions Becsuse of Bquipment.

8ite Characteristics (if specified or known): Note those
features of the site vhich may affect design or conatrustion
methods : ‘

Nigh Water Table.

Bed Rock.

Boulders and Coddbles in the Soil.

804l Buitability for Dackfiil.

Joil Froten to Depth or Permafrost.

Mo Restriotions Deccuse of Site Characteristics.




¢. Worksheet for Structure Design

1. Utilitles (Tuvle V):

a.

Blectric: B‘“"‘ﬂ' ‘mmd ligs de ve uted-

Lighting - No. of Lights x (0.1 kv ea) kv
Auxilisry Electric Yans kv
Installed Equipment Signal, Radio, and the Lige | 3
Other - Radar, Computing, Tools, and the Like ) Y
Augnented Load
Subtotal kv
ALr Filter Electric Motor
(1nitial estinate) xv
Total kv
Qenerstor to Be Mmployed (of. specifications for military
standard gens--tors) kv, Cooled.
Dimensions iz, % in. = in, Weight 1d.

Mounting Type ‘ukuz (tudular rrm).

Fuel and Lubrication Storage Requirements for:

Post-ghet Oceupancy before Bvacuation or Resupply days. %

Prestot Use, Time of Resupply Cycls cays.

, Tnial: daye or hyr.,

Puel: hr x pl/hr s ____pgal. (ges/dtenel).
o11: brx ____ibjar I,

Voluma: JFuel Storsgoe: qu. ft.

011 Btorage: eu. ft.
Alr Treatment (ef. specificetions for military standard
generators):

Hours of Occupancy, GCastight or wvith Pilter 4 .

A;'k- &ﬂ»f}mu—mf v
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(twelve hrs or less may require no filter unit.)
(1) Mo Pilter Unit: _ 4~ hr Occupancy.

Raquired per

Person. Extrapolate No. of Oacupiel Spacc

Yalues betveen 3-12 Hr _Personsel Jotal
Floor Area 6 oq. ftx _4g0 o 240 oq. 1t

wmm.m‘_ﬂ_'q‘ﬁ: do. - m“uﬁ

Volume Content. J3 ou. frtx Q. = 2/20 cu. L
(2) Mechanical Pilter:

8} Air Change Based on Oxygen Requirements:

(®)

Ro. of Personnel .
Minimum Ventilation Rste 5 ofm/Person.
Minimun Air Change S x (%o. of Perscns) » a0z,

Aly Change Based on Temperature:
Beat Output - _
Psrsonnel Btu/min  No. of Personnel Total
At Rest 7 - Btu/min
Moderste Activity 17 - Btu/min
Vigorous Astivity 67 . Btu/min

Generator Motor {if looated where it hsats dasic struature

% , s __ Btu/min

Rectriyv: Linelced
Capacity of Generator: kw25 e Btu/ain

air):

Generator Neat lLoss (if loocated vhere it heats
basic air; (asswming efficiency is 70%).

Capacity of Ganerator: v x 5T x 0.b3 =
Btu?un

Total: Btu/min

+ oy s i« < -




p3

v Vertlcal Personnsi Intry (dimension of largest item for passage)
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Maximwm Deairﬁble Intei'ioz Alr Temperature op
Maximum Frobable Outiide Air Temperature or
& » Maximum Increase Desirable in Temperature op

Note: 1 Btu will raice temperature of 50 cu. ft of air 1°r.

Required c¢fin Air = ?."&‘L‘:.’.‘_"_ﬂ

(e) Pilter Unit Selected: cfm (Blectric) (Gasol:ue).

Dimsnsions:

largest Component: in, x in. = in., Weizht,
1b.,

Overall, 4in Use: in. % in, x in., Weight,

1b,
Btorage Requirements: PFusl gal, O1l 1db,

(1f ALCME with gasoline engine, use values for 1-1/2-kv
gonerator aotor.) ’

Spare Filters, Dimensions z x .

Entrance Configuration:
Required to Form an Air Lock (yes) (no).
Seergensy Pilled Tude Exit (yes) (mo).

Radiation Decontamination in (air lock) (horizontal entry) (none).

,gL i N- b 'a- 0
Vertical Shaft (dimension of largest item for passage)

ot ropuned ® x .

P

Sorizontal Passage (dimension(s)) m x x .
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Blast Closures:

Walk-Throush Doc.s (4imennionn) Afeae z .
- e M e,

Double Walk-Through Door (dimensionz) _g/ene X .
Druwbridge Door (dimensions) _glapne X .

4. Water Supply:
Storage Requirements:

No. of Men _ 40 _ x No. of days & 2 Rate per day
—Meale 0 gal

Plus Nonemergency Storsge o _gel
Total yZ-J 3}
Fumber of Segal Cans _2 .
Other Btorage Means ____ O .
e, Banitary Utilities:
Selection of Typw Latrine Sjeve @vebec-/ope bage .
f. Emergency Equipment (check):
) X Food Faciet;
Food Storage Requirement (Table IX): Type Ration: i"“""'!“"“'
Fo. of Personnel x No. of dayss 2 Mo, a‘fa;:tt:x;n.

Yo. of lntfzm 2 _.: e’. t;[wr retion = 3.6 cu. ft,

Vrecking and Entrenching Equirment:. Types Zjwm, & prylars,

Si1x ahovals, 4tum 9,‘3! doe gxes, wreaeh Sarc claiuve boM.

Comaunication Bquipment: Types MMW\LM,
Pasd code oulsde cletwes.

Aadiac Instruments Ma&ndmg.&smhm-
Disposable clothl.ng, Type, Azzunts 4a gnm.h,h €A% .

Decontamination Equimment, TVvrs _piong . .

/ontamtnated Clothing Dieposal Bins Xpef} (no).




&

. Length: 32 {4, ———

Tube for Surface Radiation Measurements M {no).

Gastight Beal for Backup of Entrance (yes) M

Crev Served Jlespons in Structure, Type Light Marhar Packat Lauwher

Battdry-Povered Lights, Portable Radios in Strusture, Types
and Azounts Lhika.‘.-_px:u&_hghﬁ.
Total Storage Requirements:

Pusl and 011: Cu. ft or Bin Sire e M

Water and Food: Cu. ft or Bin Bize(s) S cu. £3,

Bmergency Bquipment: Cu. ft or Bin 8ise _3 4 cu. §4,
Pinel Ploor Area (volume): Ploor Area As Previously Determined

Amerded for Equipment and Materiel Space Ocaupancy.

Basic Structure Only, 2t 240 oq. ft.
Volume of Struature As Previously Deteruined Amended for Bquipe

menit and Materiel Space Occupancy 21,20 eu. ft.

2. Structure (T=®le Y):

Basic Btruoture:

7551 Timbar, shelier widih (Fig 21).

Width (rediue): g £4, £'n. £t (7£4: Gin. clear
height)

Picor Ares _Aapraximalely 275 Q. ft.

Approximate Volume 2120 au. ft.

Foundation Rlevation delov Ground Surface L. .
Minimus Barth Cover — (5)  re

Entrance Configuration:

(Figs. S0 ard fo)

b.
& 4 B
|
|
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4.

.Blast Clocures and Frames:

Materials of Construotion _Timher (5\;, 21! . .'

Dimensions and Constsuction of Components
Vertical from Burface 3 . J . . e .
Alr lock _ sene  Floor Eng Wslle .
Second Vertical Nent. —
Horizontal Entrance Passags Zimibgr ‘E’, ;o! .
Ploor o.M End Wall Tonhes .
Gastight Pertition E[.d. £,b
Baergency Exit £i/ler Timhar 2fn 236t (P2-** )

Alcoves:
latrine - Dimensions Aens _ Pertitiom .
Floor Structure Type End VWall .

Air Pilter (plus gencrator) Dimensions _Afpeg Partition . .
Floor Btructure Type Bod Vall .
Oenerator - Dimensions Apne  FPartition . "

Plnor Structure Type End Wall .
Special - Dimersions Nong Strusture Type
Partition Floor End Wall .

End Valls:
Materiale of Construction Tienbar .

Sketch Final Structure Orientation with Alcoves, Entrances,
and End Walls.

Closure Type 12“43‘,{ ““m[ ﬁ,‘éé .

Dimen+ins As . _shewn n Frg, H .
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Frame Type Steel LE4, 4-1)

Dimensions

Door Frame-Supporting Foundation:

Type Concr;ig (”,- fl)

Dimensions

Sketches of Closures, Frases, and FPoundations.
Floors
Type in Basic Strusture Larth

Dimensions of Sectional Wood Ploor

Sketch Location of Storage Bins, and with Concrete Floor,
the lLocation of Expansion Joints axd Seoring.

Utilities Location:
Inolude in Sketah locations for Utilities, Antiback Draft
Yalves, Emsrgency Bquipment, and ﬂn‘urﬂnv Arrovs.




Tl

o
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3.

5';
6.

7.
8.
9.

10.

11.

Exhibit 2. Example of Continuous Occupabcy Working Staticn °
a. Directive for Design Worksheet

Iotended Structure Bnploymen“.&nbuwmq..ueﬁ:ﬂﬁm'"

Large Equipment to Be Employed within the Structure: aAlone

L.t n:.z.“l AL ﬂ A ﬂ gl £h‘= gt“.o .

Post-8hot Duration of Self-Sufficilent Occupancy:

Bnergency Shelter 4 hr.
Continuous Occupancy Working or Living Station la days.

Description or Dimensions 2¢ Largest Item tc Ba Stored or Explaced:
£ H. x 2 % 4L
Other Special Entrance Considerations: M.. .

Number of Occupants: ZJontinuous Occupancy: JL . o
Bnergency Use: m .
Continuous Use Emergency Augmentation: 24. . . )

8ide-on Overprussure Reglon:__ 4 pei.

Time Duration for Which Structure Should be Designed: S w2yl .
(veraauent).

Time Available for Construction or Date Required:{inlisjed

Conventional Waapons Protaction to Ba Provided: (no), M .

Type or Designation of Unit to Perform Construstion: ‘z’mnc

Lenshucdion  Coenpany:

Bquijment Augmentation Available for Construction: Ag \-g.!“:g‘ .

Bpecific or Qeneral location of 8*t+uoture:
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b. Predssign Data Collection Worksheet

1. Construction Materials Available:

a. Corrugnted Stsel: EsSP _ (location).
Redius Cage Type Azount Available
As_requed
Btraight As E.S.‘.‘."“l Length
b. Reinforced Conarete Pipe: _gs@ _ (location).
"Deload Tests Neceesary" %}, .
Veight per
Inside Diameter Wall Thickness Section In_r_:‘bh Section Amount :
% % AN, %J:L- ..L..i.sf_.un\l-mhﬁ
. 9 ™. A4, 709 Unrlinite
¢, Concrete Cc"s*mtlon'
’:M
(1) c.-..—.e.; (mn, 1., and the 1like) At_&SP (1ocation).
(2) Pine Aggregate: NELr (location).
(3) Coarse Aggregate: __m:_____(louuon).
4. 'l'inber' £3P _(location).
| Voo : o
8ize Length Amount Bpecies Quality Condition Preservative
20,9, be h.m/zm.ﬁ Ualuniied W:ﬁ;.. .?,mom'.___
e. Btructural Steel: ASTM A-7 (yes), (no).

(1) Plate: 2sP _ (location).

Dimensions
AxexZ
X X

(2) Rolled Bections:

Amount
Bection Length Amount
L ta
2 2444,

t




2.

f. Utilities (check thome feasible because of availability):

(1) Electris: vfune (vattery).

yﬁcntrator.
Central (blast protected).
yﬂonventional or Public Nonemergen~y.

(2) Water: Stored Only.

Well Point Feasibls.
Jentral (blast protected).
Véonventional or Fublic Noremergency.

(3) Sewage: Eumergency Only. V
Auokot.-'xypo Latrine v/Tank cr Drain Field.
y/Vatervorne to Conventional Sever, Nonemergenay.

Lmutu!n' of Time, Ludor, Equipment or Bite:
. Time (1f coversd by directive): Check types of construation
made impractiocal because of limited time availabdble:

In-Place Concrete.

Walk-Througn Door.

Dravdbridge Door.

/ﬂo Linitations Because of Time.

b. labvor (4f specified by directive or othervise apparent): Check

fypes of oconstruction made impractical because of linited skilled

labor (and time) svailable:
In<Place Concrete Strusture.
Structural Steel.
Walk -Through Door.
Drawbridgs Door.
;/No Limitations Because of Labor.,
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e. Equipment (if speciried or othyrwise apparent): Check th;:;o
types of construction which sre impractical because equipme.t
is not available:

Larger (+ ft or more) Diameter Concrete Pipe (hoisting and
hauling).
In-Place Concrete Structure (mixing).
Struotural Steel (placing and welding).
Drawbridge Door (hoisting and welding).
/ﬂo Restrictions Because of Bquipment,

4. Bite Characteristics (if specified or known): Note those
features of the site vhich may affsct design or sconstruction
methods:

High Water Table.

Bed Rock.

Boulders and Cobbles in the Soil. -
8011 Suitability for Backfill.

B8oil Prozen to Depth oF Perm Trost,

Ao Restrictions Becsuse of Site Charscteristias.
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1.

¢. Worisreet for Structure Deusign

Utilities (Table V;:
a. BRlectric:

Lighting - No. of Lights Q x (0.1 kv ea) l kv

Auxiliary Electric Fans —_—ta kw
installed Equipment Signal, Radio, and the Like 7 kv
Other - Rudar, Computing, Tools, and the Like kv
Augmentaed Load

Sudbtotal y kv
Ty 25w

Total 4/ kv
Qenerator to Be Eaployed (of. specifications for military
standard generato=s) L kv, _Cooled.

Dimensions 44 in. x 29 4ia. x J34-_in. Weight 9”900 1b,
Wourting Type (oki1d) (eromiss-swstf).

Pusl ard Lubrication Storsge Requiremsnts for:
Post-ghot Occupancy before Evacuation or Reaupply |  days.

Preshot Use, Tine of Res Cysle
Mode: Ne ’v“r, e becanse vy an&% F""‘" gna/ololvﬁr
Total: 10 chyl or _2¢$€ .

Pual: 240 br x /A/8 gal/nr = 276 gal. (gas/dtesel).
01l: 24p hr x .05 1v/n> = 22 b,
Volume: Puel Storage: 27 _ cu. ft.(sr five, 55 qal .drume)

031 Storage: 'A, eu. ft.

b. Air Treatasnt (ef. specifications for militar; standard

genarators):

Hours of Occupanay, Castight or with Pilter CendinwasS




. {twelve hrs or lecs may require no filter umit.}

(1) Mo Pilcer Unit: _ hr Occupancy.

Required per

Parson. Rxtranclute Ro. of Occupied Space

Values betveen 3-12 Hr Personnel Total
Ploor Ares 6 oq. ft x _4o o o'0 oG It

Total Surface Area __Jo Q. ft x 0., = /200 3. £t
Volune Content £O _eu. ft x do, = 2400 cu. 1t

(2) Mechanical Filter:

(a) Air Change Bascd on Oxygen Requirements:

No. of Personual L0 .
Minimum Ventilation Rate & ofw/Person.
Mintmum Alr Change % x _fo (Fo. of Persons) = 200sta.

(d) Air Charss Based on Temperature:

Beat Output - .

Personnsl  Btu/uin  No. of Personnel Total

Av Rest 7 20  3/0Btu/atn
Moderate Activity 17 /o e (70Bt/atn
Vigorous Activity 67 - o _Q Btu/min
Genarator Motor (1f located vhers it heats busic strusture
air): _w/A y‘%’: : e __ Btu/atn

Blectric: Lineload

Capacity of Chmntor:# 2 kv 2 57T » /¢4 Btu/ain
Subtraot Iy Rr fiver and eshaurt -&t
Generator Neat Loss (1f located vhere it “esiy
vasis air) (assuning efficiensy is 70%).

Capacity of Ge..erator: q[d v X 5 X Q.43 » ‘
' Bwal.’n

Total:___ 400 Btu/ain




b2

aximun Desirable Interior Alr Temperature _ £5- °F .
Maximum Trebable Outcide Air Temperature _ 6o °F
AT = Maximun Increace Desirable in Temperature _.3.5~ °F '

Note: fssumes other then Summer Condiveas o
Note: 1 Btu will raice temperature of 50 cu. 1t of air 1V F.

Required cim Air = EE‘%M_?P. » _33—0-5’.‘?—‘-’-—. s 1300

(c) Pilter Unit Selected: /200 ofm (Electric) (SpeeklGal,

Dimensions:
2
largest Component: g2 in. x g;i_in. X255 in., Weight,
4.50 v,
Overall, in Use: /S P in. x 42 in. x 29 in., Weight,
/‘VIQ 1b.

8torage Requirements: Fuel o gsl, 04} g b, .

(1f ADC-ME wit' gmooline engine, use values for l-1/2-kv
generator motor.)

Spare Pilters, Dimensions, 62 x _28 x 24 .
¢. BEntrance Configuration:
Required to Form an Air Lock (yes) (p&),
Basrgency Pilled Tube Exit (yes) M
Radiation Decontamination in M (horizontal entry) U=l
Vartical Personrel Pntry (4imension rf largest itam for possage)

__m 2 4 .

Vertioal Bhaft (dimension of largest item for passage)

£ L4 x_ ¢ H *_¢ £ .

Porizontal Passage (dimension(s))

& 4. Dameler




4.

f.

" Mo. of Rations _4pe % _Qk on. To/per ratiin e e cu. £,
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Blast Closures: ’ _
Walk-Through Dror (dimensions) _Ane x .

Double Walk-Through Door {limeisione) ANepe X _____ -
Dravbridge Door (dimensions) Aeng % .

Water Bupply:

Storage Requirements:

No. of Men _4p9  x No. of days O __ x Rate per day

(1) go1 =
Plus Nonewergency Storage -Aemé /¢, M
Total 400 g

Fuzber of S-gal Cans & .
Cther Storage Means .

Sanitary Usilitias:
Selection of Type latrine -‘Eﬁ-’;‘f“‘“’-“’ .
type (FRy- D) ' .
, Busrgency Bquipment (oheck): .
Food Storage Mequiressot (Table IX): Type Reticars st
Fo. of Personnel 40 % No. of dsys ® _40¢ No. of Rations,

Wreoking and Entrenching Bquipment:. Types feyr, 4 £i ) e} ‘

o™ A 3 2

) ~g 8§ TFAS

Communication Bquipmeat: Types | )
Bask_veusdack anlenns (:q Sa): —
Rediac Tnstruments Tochical as. - ; umelees
Disposable Clothing, Type, imounts _4p _eomelebe Skt .
Decontamination Equipment, T pe WM-‘"&'

Contaminated Clothing Disposal Bins (yes) M




Lk

Tube for Surfuce Radiation Mramurements (yes) @‘).. .
Gastight Beal for Backup of Entrance (yes) b‘).

Crev Served Weapons in Structure, Type None.,

Battery-Tovered Lights, Portable Redios in Structure, Types
and Amounts Ag t:qm:d .
§- Tatal Btorage Requirements:
Fuel and 011: Cu. ft or Bin Sice m(qpprunmu\’\

Water and Food: Cu. ft or Bin Size(s) 185a _ou. £,
Emergency Bquip ant: Cu, ft or Bin Size AL Ccu. £a,

b, Final Floor Area (volume): Ploor Area As Previously Determined
Avended for Equipment and Materiel 8pace Occupancy.
Basic Structure Only, 1 OO0 sq., ft.

Volume of Structure As Praviously Determined Amended fcr BQuip-

ment and Materiel Space Occupancy W ou. ft.

2. SBtructure (Table X):

a. Basie Structure:

Type: ~-"'°'“5F"“ el awh .

Width (redius): 1ah. e
Length: Todxal 4L €3,
Floor Ares Lene 8. rt,
Approximate Volume Q200 eu. ¢,
Foundetion Klevation belov Ground Surfase 19 re.
Minimun Earth Cover 5 (s) re.
b, Entrance Configuration: .

Type Verbica! tude and  shalr 4y horzenbe! prssage

(Frqc . 30 and 40)




a,
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Materiale of Construction c‘m_c .nmﬂ,n.u_‘“"’\'

Dimensions and Construction of Components

Vertical from Surface X4 [), d.amefar, §9%4°
“o dnndu-

Mr Loo_ya aape. Floor Caopigle,  Bid Wolls Timher -

Second Verticsl ___ 3% 0a, diameder, ogage.
Horizontal Entrance Pacsage L&.A;Mﬂc )
Ploor __ Raeth  End Wall _Timher .

Castight Partition '
Ewssrgency Exit )

Alooves:
Letvine - Dimenstons T4 lPs'ruuon‘u“:‘“ ot ghrushuve

PloorCangrelg, . Structure Tm‘ag.\___.’ B Vall Yook ¢

Alr Pilter (plus generator) Dimensions L”Pmnion Deor
Poor Forh,  Strusture Wcmm Vall “Toobac:

Generator - Dimensiong Partition .

Ploor Structure Type Ind Wall .
Bpecial - Dimensions . Btrusture Type __ .

Partition Floor : nd Wall N
End wcn.--

Type Q‘.k]." m"&] (jq. H\ . .

Weterials of Construation Mm,%

"y

Sketch Pinal Structure Orientaticn wiih Alcoves, Rutrance.,
and Ind Walls.

Blast Closures and Frumes:

Closure Type Degigned peinennel halch bembee shold .

Dimenstons As  awed in sedesenced Liguree

o e i i e m . i i i LS e . il
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. Frame Type ah.! ( bﬂi“ In;,_._a,_..l f:!m!:“ . . .'
l Dimensions Q. naled ;, %"“’i————-———'
f. Door Prame-Bupporting Foundation: *

Type __MJM_M._—__
h . ; Dimenstons PN, noled 1n ""’-'W
8ketches ol Closures, Frames, and Foundations.

g- RMoors

Type in Basic Btructure __és‘né.hm)__md_@lmm.&.'

Dimensions of Sectional Wnod Ploor g4y, < B S0, .
8ketch Location of Btucage Bins, and vith Concrets Floor,

the Location of Expansion Jointe and Sgoring.
h. Utilities Looation: )

Include ir Sketcn loceticna for Utilities, Antidback Draft he

Valves, EBnergency Equipment, and the Airflowv Arrovs.




1.

3.

b,

10.

11.

Exhibit 3. Ezemple of Drive-In Storsge Structure
a. Directive for Decaign Worksheet

Intended Structure Employment: &hn!‘ Rolr. x x4 £N, -

Large Bquipment to Be Employed within the Structwre: B‘Qb ‘

Post-Shot Duration of Self-Sufficient Occupancy:

Bnergency Saelter ﬁ‘ A hr.

Continuous Occupancy Working or Living Station Nin days.

Doscription or Dimensions of largeot Item to Pe Stored or Emplaced:
L5, x b Ly x5 63 :
Other Special Entrance Conoiderations: Prayide |o--f*’_w"." endeage,
Number of Occupents: Continuous Oceupancy: O .
Emergency Use:___ o .

- Continuous Use Bmergency Augmentation: o .
Side-on Cverpressure Reglon: 4'n psi. -
Time Duration for thch 8tructure Should be Designed:

mcnf) . ’

Time Availadble for Construction or Date lleqm.red:u"“'"‘-"‘l

Conventional Weapons Protection to Be Provided: (no), '9)4.__.
Type or Designation of Unit to Perfora Construction: Kne mger

c.l.nMnn_.BLﬁllmn

Bquipmant Augrentation Available for Construction: A« !“Q‘c-\-r-d-

Specific or General Locatio~ of Structure: oA o facker
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b. Predesign Data Collection Worksheet

Construction Materials Availetle:

A

-

Corrugated Bteel: __EsP  (location).
Redius Cage Tyipe Asount, Available

apuxed wp 2o 15 Horgdws

Straight Ps yequwel Length
Reinforced Conrete Pipe: Ay yvepuuef(locstion).
"Deloed Tes’s Necessary" syu) .
L)

no) .
‘ - Weight per
Inside Diameter Wall Thickness Eaction length BSection Azount

Concrete Conatruction:

(1) Cement: eémn.(l'“h’ 1b., and the like) At E3P_ (location).
(2) 7Fine Asuegm Nesr (location).

(3) Coarse Agsregate: __ Aear (location).

Tiober: &3F (location).

Wood
8ize Lengt: Amount Species Quality Condition Prescrvative

ds regunad Lp ¥9 U2 ia, x 12 1.

giructural Steelr ADTM A-7 (yma), (no).

(1) Plate: g3 L _{location).
Dimeneions Amount

{2) Rolled Bections:

Bection Lenmth Amount

Aﬂ...t!—{.'&lud J—

N3
A




e
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Utilities (check those feasible becnuse of availability):
(1) Electric: /fone (b.tt‘ry). ‘
Generator.
Osatral (blast protected).
/Ccnvcnuoml or Public Noneme:  snoy.
(2) Water:/Stored Only.
Well Point hlﬁbh.
Central (blast protected).
¢ Conventional or Public Nonemergenc;.
(3) WH/‘iﬂrgoncy Only.
Bucket-Type Latrine v/Tank or Drain Field.
Waterborne to Conventional Sewver, Nonsmergency.

Limitations of Time, lLador, Bquipment or Site:

b,

Tize (1f covered by directive): Cheok types of construstion
asde impractical because of limited time availadle:

In-Place Concrete. R

Welik-Through Door.

Drawvdridge Door.

o Linttations Because of Tise, |
Labvor (if specified by dtnotlvc or othorvtu smnnt)s Chaclu
fypes of oconstruction made impractiocsl because of limited skilled
labor (and time) available:

In-Place Concrete Btrusture.
Structursl Steel.
Yalk<Through Door,

Dravbridge Door,

Vﬁo Limitations Becavse of Lab~r.




4.

Equipment (1if specified or othervise apparent): Check those

types of ccnstructicn which are impractical because equipment
1s not availadle:

Larger (b ft or more) Dismeter Conarete Pipe (hoisting and

hauling).

In-Place Concrete Structure (mixing).

Structural Steel (placing and welding).

Drawbridge Door (hoisting and welding).

/%o Restrictions Decause of Equijment.

Site Characteristics (if specified o1 knowvn): Note those
feAturve 0f the site vhich may affect dedign or construciion
sathods:

High Water Tadble.

Bed Rook.

Boulders and Cobbles in the Boil.

8011 Suitability for Daukfill.
Boil Progen to Depth or Permafrost.
‘/ﬁo Restrictions Decause of Bite Charscteriotics.
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¢. Worksheet for Stiucture Design

. 1. Utilities (Table V):
a. Rectric: B.uu.s. Powcvd \:3'““ Xo b= u.uel.

Lighting = No. of Lights x (0.1 kv ea) kv
Auxiliary Electric Fans kv

Installed Equipment Signal, Radio, and the Like kv

Other - Radar, Computing, Tools, and the Like K%
Augnented Load

Subtotal kw
Air Filter Electric Motor
(initial estimate) - kv
. Total xw
' Generator to Be Bmwpioyed (of. specifications for military
o standard ger .rators) kv, Cooled.
Dimensions in, x in, x in, Weight b,
. Mounting Type ‘-nd[ ‘tubuhr mu)

Pusl and Lubrication stbnge Requirements for:

Post-Shot Occupancy berore Bvacuation or Rinupply days,
Prishot Use, Time of Nesupply Cysla ' doys.
A Total: days or hy,

Puel: hr x gal/nr = gal. (zas/diesel).

011: hr x lb/hr = _;_lb.
Volume: JFuel Storage: eu, ﬁ..‘
011 Storage: cu. ft.

. Alr Treatment (of. specifications for militery stantaxd

generators):

Hours of Occupancy, Gastight or with PFilter Nlﬁ .
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(twelve hrs or less may ~equire no filter untt.)

(1) No Pilter Unit: _ ____ hr Occupancy.

Required per

Person. Extrapolate No. of Caecupled Space

Values between 3-12 Hr Personnel Total
Floor Area € 8q. Tt x = eq. 't

Total 8Suilace Area

8. 't x do, = _ 8. Tt

Volums Content cu. ft x 4, = cu. ft

(2) Mechanical Filter: Ney  agelicable

(<)

(v)

Air Change Based on Oxygen Requirements:

No. of /srsonnel .

Minims Ventilation Rate 5 cfis/Person.

Minimun Air Change S x (No. of Persons) = efm,
Air Changs Based on Temperature:

Heat Output =
Personnel Btu/min  No. of Personnel Total

At Rest 7 - Btu/min
Moderate Activity 17 = Btu/min
Vigorous Activity 67 - Btu/min

Generator Motor (1f located whers 1% Leats basic strusture

air): EE% » ___Etu/min

Rlectric: Linelosd
Capacity of Generator: kv X 57 - Biu /min
Generator Heat Loss (1f located vhere it heats

basic air) (sssuming efficiency i3 T¢%).

kv 2 5T x O.43 =
Btu?min

Total: Btu/min

Capacity of Generator:
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Maximum Desirable Interior Air Temperature r
Maximum Probable Outside Air Temperature Op
AT » Maximuz Increase Desirable in Temperature op

Note: 1 Btu will raise temperature of 50 cu. f't of air 1°r.

Required ofn Alr e Btu/ :m x 50

(c) Pilter Uait Celscted: cfu (Blectric) (Gasoline}.

Dimsnsions:

flargest Component: in, x in. % in., Weight,
i%.

Ovmll, h\ UI.: mt x mo % mu; we’.@t,

1b,
Storags Requirezents: Muel pal, 011 ib.

(If ARC<°5 vith gasoline engine, use values for l-1/2.kv N
generator motor.) ‘

Spare Filters, Dimensions 2 2 .

Entrance Configuretion: ‘

Required to Form an Air Iook‘M (no).

hnigcncy Pilled Tioe iut {yead” (no).

Rediation Decontamination in (u!r lock) /horizontal eatry) {none).

Vertical Personzel Entry (dimension of largest item for passage)
4[& x X .

Vertical Shaft (dimension of largest item for passage)
Xeal, X x .

Borizontal Passage (dimension(z)) /s _ﬂ‘_ux 28.h:0 x1244. I.-;.
( Fry. o) .
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Blast Closures: .

Walk-Through Door ((imensions) A/A  x .

Dousle Walk-Through Door (dimer#onsg) M“ x .

Drawbridge Door (dimencions) | x - { L‘.:’ 4-3')

d. Water Supply:
Storage Requirements:

No. of Men yone x No. of days ___ x Rate per day
(1) gal = gal

Plus Nonsmergency Storsge _&al
g2l

Tetal

Number of S5-:al Cans .

utker Storage Means . .
e. Sanitary Utilitiee: .
Selection of Type lLatrine _ Along, . )

f. BEmergency Equipment (check):
Food Btorage Requirement (Tadble IX): Type Ratlon: _ Apne .
No. of Persoruel x Fo. of days = _ No. of Rationa.

No. of Rations x su. ft/per retion e en. ¢,

Wrecking and E.trenching Equipmeni: Typeo Weenches fiting do [
en 22!“&“ A i&.: ‘ Rl XY, A

Comur {cation Equipment: Types

Redisc Instruments £, /n Adadecs oleced v Stiwehas
. - i PG T AR,

Diasposadble Clothing, Type, Amcunis Nene. .

Decontamination Equipment, Type Mot .

Cortaminated Clothing Disposal Bins (}A) (nG). X




2. Btructure (Tadle X):

b.
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Tube for Surface Radiation Memsurements Iyeed” (no),
Gastight Seal for Backup of Ratrazce (yes) (D&t

Crav Served Weapous in Btructwe, Type Xopt

Battéry-Povered Lights, Portadble Radios in Strusture, Types
and Amounts & &3“ &““!d 'uhh .
Total Storege Regquirements:

Fuel and 041: Cu. ft or Pin 8ise _pone -

Water and Food: Cu. ft or Bin Bire(n) _None

Bwergency Bquipment: Cu, ft or Bin Bise N:g\'ne’:hh -

Pinel Floor Ares (velume): Floor Area As Previously Determined
Amepded for Equipment and Meteriel Spece Oczupancy. ;
Basic Structurs Ouly, LS00 3. ft.

Yolume cf Btrusture As Previously Determinad Amended for Equip-

ment and Materiel Spece Occupancy _ ok o facler ou. ft.

R

Baslc Strusture:

Width (redius): K £

Length: SL  £4, »
Ploor Ares gEL Y3 . 8q. Tt,
Approximate Voluse _ s 7. £Loo cu. ft.

Foundation Elevation belov Ground Surface - 3- N T
Minimus Sarth Cover 4= %) .

Entrance Configuration:

Tyre Llociraate rd verdical fube fo
lfiorizanta ) P age (ﬁ;’g an 3, 37 end %5/
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Materials of Construction MM .

Dimensions and Construction of Components - verdieal ‘h&h. do horizermdal

Vertioal from Burfase 34 {), dismekr, 14 §29¢ '

Air Lock pMond  Noor End Walle .
Becond Verticeal Nene.

Horisontal Entrance Passage _L.&_dmf_if_‘_ﬂ""'

?loor Earth End Vall _ T her .
Castight Partition None, .
Rmergency Bxit Nong. .
e. Alcoves:
Latrine - Dimensions _pNan @, Psrtition .
Ploor Structure Type A Wall .
Atr Pilter (plus generator) Dimensions Ngne Pertition .
Floor Structure Type nd Wall '
Generator - Dimensions N ene, Fartition .
Floor Structurs Type End Wall .
Special - Dimenclons _N gng Strusiure Type .
Partition _______ Poor Ind Wall .

4, BEnd Valls:

e Deadrman . Sugpeched, —

Materials of Construction ' el
she oh
Sxetch Pinal Structure Orientation’ vith Alcoves, Entranren,

and End Walls,

¢. Blast Closures and Prames: .

cmamwmmumw_ 45) .
Dimensions __ g peled im 4’?”’55 . -

WP dS PO 21145 20




t‘

h.

| o 1s7
Frame Type __Conerele ('Fu‘- 4=) .

Dimeusions h ne ded g ',q e ,n .

Door Frame-Cupperting Foundation:

Type _._Qn.m.u&_!.s_q* 45) .

Dinensions Py _r;g\_ej__ (s -‘i-'i-.tc. . .
Sketches of. (losures, Frames, and Foundations.

Floort
Type in Basic Btrusture C snsyste )
Dimensions of Sectional Wood Floor u'& .

Sketch Location of S8torage Bins, end with Concrete Fiocor,
the Location of Bxpausion Joints and Scoring.

Utilities location:
Inelude in Sketch Locations for Utilities, Antibdack Draft
Yalves, Basrgency Rquipment, and the Airflov Arrovs.
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